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Introduction

Aligning nucleotide or amino acid sequences is a very common procedure in HIV computational
analysis. An accurate alignment is the first step in making a proper and correct analysis of HI'V datasets.
Sequence alignments are essential for phylogenetic analysis tracing the epidemiology of HIV, but also
for interpretations of drug resistance and data mining efforts, where correctly positioning nucleotides or
amino acids of different strains with respect to each other is pivotal.

Positional homology

If two sequences have a common ancestor, they are said to be homologous. By aligning them, we
are inferring positional homology from statistically significant sequence similarity: any two sequences
have some measurable similarity, but a statement of homology implies that this similarity is a specific
result of common ancestry (47). Only when the common ancestry is recent enough, homology will still
be reflected in a sufficient similarity, allowing an unambiguous alignment. When we align sequences,
we are therefore looking for evidence that they have diverged from a common ancestor by evolutionary
processes like selection and mutation (substitutions, insertions, and deletions) (9). Hence, the process of
alignment is intimately related to inference of evolutionary relationships among sequences. In fact, the
ideal alignment algorithm would allow us to co-estimate sequence alignment and phylogeny.

It is not surprising that the quality of an alignment will depend on the degree of sequence diver-
gence, in particular the frequency of insertions and deletions (collectively referred to as indels) that
have occurred. In HIV sequences, indels are frequently observed, even at relatively low divergence or
over short evolutionary times. Figure la shows a short amino acid alignment of HIV envelope se-
quences sampled from a single host (positions 346 to 416 in gp120 according to HXB2 numbering). The
sequences were obtained from plasma and different cellular populations at two different time points
separated by approximately two years (51). Although this represents only a relatively short evolutionary
time, the sequences cannot be unambiguously aligned in the hypervariable loop (V4). This example
illustrates that any alignment procedure will generate an output for which the quality cannot be guaran-
teed. Obviously, alignment quality becomes even more problematic at greater evolutionary scales. For
other viruses like Hepatitis C (HCV), indels may be observed less frequently relative to nucleotide
substitutions, making the alignment process more straightforward.

Any two sequences can be fed into an alignment algorithm, and an alignment will be provided.
When such an alignment requires many indels, and the aligned nucleotides do not seem to be unambigu-
ously aligned, such an alignment cannot be considered successful in achieving positional homology.
Some general guidance in assessing alignment quality can be found in the overall sequence similarity:
the “twilight zone” between unambiguous and ambiguous alignment is considered to lie between 50%
and 60% sequence identity for nucleotide sequences (14), and between 10% and 20% sequence identity
for amino acids sequences (61).
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Global versus local alignments

Needleman and Wunsch (39) published the first global alignment algorithm in 1970. Global align-
ment algorithms aim at aligning the entire sequence of two potentially homologous regions, as opposed
to local alignment algorithms, which align only regions of high similarity. The first local alignment
algorithm using dynamic programming was developed by Smith and Waterman (56) as a variation of
the Needleman-Wunsch algorithm. The main difference of the Smith-Waterman algorithm is that the
alignment can end anywhere in the matrix. By matrix, we refer to the two-dimensional array where we
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Figure I - Amino acid alignment of HIV-1 envelope sequences sampled from a single host. a) ClustalW

output (default settings) for the aligned amino acid sequences.
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can score identities and differences between two sequences (see Figure 2b). By allowing the alignment
to end anywhere in the matrix, only the more similar subsequences of the sequences are aligned. Local
alignment is the most sensitive procedure to detect similarity when comparing highly divergent se-
quences and is therefore very useful for finding common domains between protein sequences or for
comparing extended sections of genomic DNA sequences (9). For details on these algorithms, we refer
to the original papers (39, 56), books (28, 47), and reviews (49). General descriptions and exercises can
also be found in chapter 3 of “The Phylogenetic Handbook™ (21), which focuses mainly on global
multiple alignment strategies and software.
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b) ClustalW output (default settings) for the aligned nucleotide sequences, translated to amino acid.
The pdf images of the alignments were generated using Geneious v2.5.3.
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Pairwise alignments

Global pairwise alignment

Global pairwise alignment is, as mentioned above, achieved through the use of the Needleman
and Wunsch algorithm (39). This algorithm assumes that the two sequences are similar enough over
their entire length to generate a good alignment. In the nucleotide alignment matrix, a positive score is
given if there is a match between the sequences and a score of 0 if there is a mismatch. If there is a need
to include gaps in the alignment, gap-opening and gap-extending penalties are accounted for in the
alignment score. As part of the dynamic programming procedure, the entries of the alignment matrix are
computed recursively using the forward algorithm. The back-tracing algorithm is subsequently used to
find the best-scoring alignment, starting from the (n1,n2)"" position of the matrix and finishing at the
(0,0)™h position, where n1 and n2 are the lengths of sequences 1 and 2, respectively (see Figure 2) (35,
39, 47).

Local pairwise alignment

It is common practice to compare a query sequence to a database of sequences, in order to find the
most similar and potentially homologous sequences. The use of this technique can also assist in quality
control of sequencing, by identifying potential lab contaminations, or in compiling an appropriate dataset
for further evolutionary studies.

The Smith-Waterman algorithm implements a very straightforward variation of the Needleman-
Waunsch algorithm, which is to replace the overall score of the alignment by zero if it takes on negative
values for all alternative pathways. This simple approach restricts alignment to regions of reasonably
high similarity. How this differs from global alignment is illustrated in the grey box of Figure 2a. Exact
alignment algorithms are so computationally expensive that they become unrealistically slow if one
wants to compare a sequence to a background database of sequences. To overcome this limitation to
database applications, heuristic alignment algorithms have been developed. The most widely used local

a fi-1j1)  fij1) 0 b A G G

A G GTTGC
A GGT- - C

Figure 2 - a) Forward algorithm of the Needleman and Wunsch algorithm to recursively compute the
entries of the alignment matrix. The grey box represents the additional parcel of the Smith Waterman
algorithm (adapted from (35)) b) Example of an alignment matrix and the back-tracing algorithm used
to find the best-scoring alignment.
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alignment search tools are BLAST (1) and FASTA (48). The BLAST programs are available at the
NCBI website (http://www.ncbi.nlm.nih.gov/BLAST/). The FASTA programs are available at the EMBL-
EBI website (http://www.ebi.ac.uk/fasta/). In both cases, the search tool can be used online or down-
loaded as standalone software to a local computer. The advantage of downloading any of these pack-
ages to a local computer is that one can search against a local background database of sequences. This
can be very useful if one is interested in searching only against a specific set of sequences. Furthermore,
the Los Alamos HIV database (http://www.hiv.lanl.gov/) implements an HIV-BLAST program, which
can either use the whole Los Alamos HIV database (default) or a user-defined database as background.

BLAST is usually preferred over FASTA since it is generally faster and more sensitive (because
BLAST, in contrast to FASTA, does not require a perfect match in the first step). However, FASTA has
been shown to generally perform better than BLAST in terms of mean average precision. For both
methods, the search quality appears to be proportional to the logarithm of search time (3).

Multiple sequence alignments

Multiple sequence alignment involves global alignment of more than two sequences. Given that
pairwise alignment tries to find the best path in a matrix, multiple sequence alignment can be conceived
as a multidimensional problem. A naive solution to this problem has complexities concerning computa-
tion time and memory, which are prohibitively large for real-world alignments (37). The most com-
monly used heuristic approach to multiple sequence alignment is the ‘progressive alignment’ algorithm,
as originally referred to by Feng and Doolittle (12). Although there are several different progressive
alignment strategies (23, 25, 57), the heuristic for aligning the most similar pairs of sequences first is
crucial for their performance. Most strategies start from pairwise alignments and use the pairwise simi-
larities to build quick guide trees, thereby reducing the problem of multiple alignment to a set of pairwise
alignments (with one alignment at each internal node of the guide tree). This strategy relies on the
evolutionary principle that the insertion of gaps should be more straightforward for more closely related
sequences. The ideal alignment will be the one that maximizes the sum of similarities for all pairs of
sequences. Progressive alignment algorithms generate fast and, in most cases, reasonably accurate re-
sults. However, a heuristic algorithm does not guarantee retrieval of the best alignment (42).

Multiple alignment software

We provide a detailed listing of software implementing different alignment algorithms in Table 1,
but our discussion below will focus on the most popular or useful programs for HIV according to our
experience.

Clustal

The most widely used multiple alignment programs are ClustalW (59) and ClustalX (58). In the
Clustal algorithm, sequences are aligned in pairs to generate a distance matrix that can be used to make
a rough initial tree of the sequences; this rough tree is used to progressively create the multiple align-
ment according to the branching order in the guide tree (21, 59). ClustalW is a command-line based
software, available for Unix, MacOsX, and Windows operating systems. ClustalX uses the same align-
ment algorithm and has more or less the same features as Clustal W, but has a graphical interface and is
considered to be more user-friendly. The Clustal algorithm is implemented in many alignment editing
software packages.

T-Coffee

The T-Coffee multiple alignment software implements an algorithm that combines progressive
and consistency-based alignment (44), and is available for online usage (http://www.ch.embnet.org/
software/TCoffee.html) or for download (http://www.tcoffee.org/Projects_home_page/
t_coffee_home_page.html). Because it considers information included in a library of pairwise align-
ments between the input sequences, the algorithm has been reported to be more accurate than Clustal W
(see below). Hence, it is considered to be useful for alignments of more divergent sequences. T-Coffee,
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8 Sequence Alignment

however, has the disadvantage of being much more time- and memory-consuming. A recent version of
this algorithm can also incorporate three-dimensional structural information for the alignment of pro-
tein sequences (45).

MAFFT and MUSCLE

The alignment algorithms implemented in MAFFT and MUSCLE are also considered to have
good performance characteristics (10, 26). These include variations of the progressive alignment method,
which make the multiple alignment process faster than ClustalW and, in some cases, also more accurate
(11) (63).

ProbCons

According to Wallace et al., the currently most accurate method for multiple sequence alignment
is ProbCons (63). This method uses a pair-hidden Markov Model to specify the probability distribution
over all alignments between a pair of sequences. The expected accuracy function is used as a measure of
similarity to build the guide tree, and the novel probabilistic consistency scoring function is used for
scoring the multiple alignments. However, the reported high accuracy of this method is achieved at the
cost of computation time (7).

Comparison of multiple alignment programs

As shown in Table 1, various algorithms for multiple sequence alignment are now available.
Independent evaluation of different alignment algorithms has therefore become an important issue. The
database mainly used for this type of evaluation is BAIiBASE - Benchmark Alignment dataBASE for
the evaluation of multiple alignment programs (62). This database was created in 1999 and has since
been improved; the current version is BaliBASE v3.0 (60). The alignments included in BAIiBASE are
divided into four hierarchical reference sets. Each of the main sets may be further subdivided into
smaller groups, according to sequence length and percent similarity. The multiple alignments included
in BAIiBASE were manually refined and therefore constitute an ideal reference alignment set for com-
parison with the alignments being evaluated (62) (http://bips.u-strasbg.fr/fr/Products/Databases/
BAIiBASE/).

To our knowledge, only two papers have been published that independently compare the perfor-
mance of different algorithms for multiple alignments using BAIiBASE. The first paper was published
in 1999 and compares the performance of 10 different alignment algorithms: PRRP, ClustalX, SAGA,
DiAlign, SB_PIMA, ML_PIMA, MultAlign, PileUp, MULTAL and HMMT.

In the BAIiBASE, there are two reference sets that might be interesting for the analysis of the
performance of these algorithms for HIV-1 datasets: one of the reverse transcriptase family (1rthA) and
another of HIV-1 protease (1fmb). Both are included in reference 1, in the group of alignments with
more than 35% identity. The first is included in the subgroup of long sequences and the second in the
subgroup of short sequences. In these groups, there were no significant differences reported between
the alignment algorithms studied. However, it is shown that the performance clearly decreases with the
decrease of percent identity and with shorter sequence lengths. Considering the individual results of the
two above-mentioned datasets, ClustalX and PileUp presented a slightly higher score than the other
algorithms in the 1rthA dataset, while ClustalX, SAGA, MultAlign and PileUp seem to perform better
in the 1fmb dataset (http://bips.u-strasbg.fr/fr/Products/Databases/BAliBASE/prog_scores.html) (61).

A more recent study by Lassman et al. compared the performance of Poa, DiAlign, T-Coffee and
ClustalW. The general conclusion of this paper was that T-Coffee and DiAlign performed better than
Poa and ClustalW. However, the differences were only marginal, and ClustalW performed better than
DiAlign in the group where 1fmb and 1rthA datasets are included. Poa generally performed worse, but
has the advantage of being much faster than the other algorithms (31).

Alignment of protein vs nucleotide sequences

Itis well known that at high divergence the ‘signal-noise ratio’ in protein sequences is much better
than in nucleotide sequences. Two random nucleotide sequences of equal base composition will be 25%
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identical if gaps are not allowed and 50% identical if gaps are allowed (46). This situation may obscure
any genuine relationship of homology that may exist at high sequence divergence (46). In addition,
amino acid alignments preserve the reading frame of coding sequences, and they also employ more
informative scoring matrices, which can increase the quality of the alignment of coding sequences. The
example in Figure 1 illustrates the difference between amino acid sequences (Figure 1a) and nucleotide
sequences (Figure 1b) as output for a multiple alignment program like ClustalW. In the second case, the
information about the reading-frame was lost in the region between 50-70 aa, as seen by the incomplete
codons (?) and stop codons (¥) present in the alignment.

Despite this advantage, researchers often like to perform further analyses on the protein coding
sequences. In this context, the software RevTrans is extremely useful. The program takes as input a set
of unaligned nucleotide sequences, translates it, constructs a multiple alignment of the amino acid se-
quences, and finally builds a multiple alignment of nucleotide sequences by ‘reverse translation’ of the
amino acid alignment (64). This software is available online (http://www.cbs.dtu.dk/services/RevTrans).
DAMBE can also be useful for this purpose (see below).

The amino acid scoring matrices have usually been derived from mammalian genome alignments,
and their applicability to HIV proteins is not well studied. The development of empirical HIV scoring
matrices could therefore be a significant advance in accurately aligning HIV sequences.

Handling gaps

One of the most important problems in editing alignments is handling gaps. Gaps need to be
inserted for various reasons, such as indels, sequencing errors, or simply due to different lengths of the
sequences. Methods used to infer evolutionary distances can deal with gaps in two different ways: one
is to ignore all sites that include gaps or missing data (complete deletion), and the other way is to
compute a distance for each pair of sequences, ignoring only gaps involved in the two sequences being
compared (pairwise deletion). This second option can be useful if the number of nucleotides involved in
the gaps is small and if gaps are distributed randomly in the alignment (40). In likelihood-based
phylogenetics, gaps are usually treated as missing data, and maximum likelihood computations average
over every possible character state.

The decision on how to treat gaps in an alignment is not always straightforward. Gaps at the
beginning or end of the alignment (due to different lengths of the sequences) can be removed by trim-
ming the alignment to the same length. Gap columns in the middle of the alignment can also be removed
from the final alignment. However, if a few sequences are much shorter than others or include many
gaps, it might not be a good option to include them in the analysis, since a lot of information might be
ignored. Therefore, two alternative strategies can be used avoid this: one is to exclude those sequences
from the alignment if they are not absolutely necessary for the analysis; the other is to replace each gap
in those sequences by the “missing” character (in most software this is represented by a “?”) (22).

A good rule of thumb in deciding on what to do with a gap column is to exclude columns where
50% or more of the sequences of the alignment are gapped, while keeping columns where less than 50%
of the sequences are gapped.

Alignment editors

Algorithmic alignment does not necessarily retrieve the best alignment. It is important to always
verify whether the sequence data are aligned unambiguously and, if necessary, manually correct the
alignment. For this purpose, alignment editing software packages are extremely important. A detailed
review of all the software for alignment edition, visualization, and presentation is available online at the
webpage of the Pasteur Institute (http://bioweb.pasteur.fr/cgi-bin/seqanal/review-edital.pl). We present
an extensive listing of available alignment editors in Table 2. We also selected the software that we
consider more useful for manual editing of HIV-1 multiple alignments to discuss in more detail below.
We selected programs based on their user-friendliness, the availability of additional features, and their
availability for Windows, Linux, and MacOsX operating systems. We describe BioEdit, DAMBE, Se-
Al, GeneDoc, JalView, Geneious, and GDE.
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BioEdit

BioEdit is a manual alignment editor available for Windows. It includes many analysis tools for
sequences/alignments and allows several external tools to be configured to run through the BioEdit
interface. Examples of the external tools that can be run through the BioEdit interface are TreeView,
BLAST, and ClustalW. Many other useful features are incorporated into BioEdit, such as the ability to
obtain consensus sequences, amino acid and nucleotide composition statistics, entropy plots, hydropho-
bicity profiles, and dot plots of pairs of sequences. The last update of BioEdit was in May 2005 (v7.0.5),
but it is still available online for download (see Table 2 for link)(19).

DAMBE

DAMBE (Data Analysis in Molecular Biology and Evolution) is an integrated Windows program
for descriptive and comparative analysis of molecular data. It has features for manipulating, editing,
and converting sequences and alignments in different formats. One of the most interesting features of
DAMBE is its ability to align protein-coding nucleotide sequences against aligned amino acid sequences,
which avoids frame-shifts typical for alignments of HIV nucleotide sequences (see Figure 1b). In addi-
tion, DAMBE can compute statistics for nucleotide, amino acid, and codon frequencies, as well as
codon usage and amino acid usage bias. Moreover, the program implements several comparative se-
quence analysis features: quantification of substitution patterns and fitting statistical distributions to
among-site substitution rate heterogeneity, therefore helping in the selection of a substitution model;
phylogenetic reconstruction based on distance, maximum-parsimony and maximum-likelihood meth-
ods with the option to perform bootstrapping and jackknifing; testing alternative phylogenetic hypoth-
eses; phylogenetic tree viewing and manipulation; and graphical tools as well as formal tests to evaluate
the phylogenetic signal of a dataset (65).

Se-Al

Se-Al is a very straightforward and user-friendly software strictly focused on alignment editing,
visualization, and file format conversion. It allows easy toggling between nucleotide reading frames,
codons, and amino acids, and presents sequences with appropriate coloring, allowing interactive editing
of the sequence alignment. Thanks to editing features like selecting and sliding individual residues or
blocks of sequence stretches, and cutting and pasting, which can be performed with the usual MacOS
short keys, it is an easy and flexible tool for manually editing alignments. Other useful Se-Al features
are the ability to generate consensus sequences, switching between reverse, complement and reverse-
complement of selected sequences, selecting site ranges, and several gap deletion options (52).

GeneDoc

GeneDoc provides tools for visualizing, editing, and analyzing multiple sequence alignments.
The program can incorporate structural or biochemical information as guidance to which residues should
be aligned, and secondary structures can be easily visualized. GeneDoc can perform pairwise alignment
and multiple sequence alignment, and allows the user to compute the score of the alignment for any
selected fragment. GeneDoc also provides some additional analysis tools, which can be useful for grouping
sequences in the alignment. These include the Kolmogorov-Smirnov tests of distributions of alignment
scores or comparisons of sequences in terms of the percentage of identities between a pair of aligned
sequences. A positive result in the test of whether the scores for pairs of sequences within the same
group are smaller than the scores for pairs of sequences that are in different groups would indicate that
the grouping categories are systematically reflected in the sequences (41).

JalView

In addition to the general viewing and editing features of JalView, the program has several useful
features for the analysis of sequences or alignments. JalView is one of the few programs that can realign
sequences using three different alignment algorithms: MUSCLE, MAFFT, or ClustalW. JalView can
also make pairwise alignments of user-selected sequences, build UPGMA and NJ trees based on percent
identity distances, cluster sequences based on principal component analysis (PCA), and perform sec-
ondary structure prediction (4).

REVENE
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Geneious

Geneious is a software package recently developed by the bioinformatics company Biomatters.
The fully featured pro version is commercially available, but a limited academic version is freely avail-
able for download (http://www.geneious.com). The free version of Geneious offers some visualization
and analysis tools for sequences or alignments, including an interface where one can integrate sequences,
alignments, 3D structures, and tree data. The editing tools, however, are only available in the pro ver-
sion. The software connects to public databases for retrieval of datasets and performance of BLAST
searches. Geneious is therefore an excellent tool to manage large amounts of data.

Additional analysis tools have been implemented: multiple and pairwise sequence alignment,
phylogenetic tree building, dot plots, consensus sequences, and statistics of residue frequencies, pairwise
similarity, etc. Furthermore, Geneious allows the user to install custom-designed plug-ins, like a PhyML
plug-in for fast maximum likelihood phylogenetic reconstruction (18), a MrBayes plug-in for Bayesian
phylogenetic inference (55), and a plug-in for calculating Shannon Entropy Scores (8).

GDE

GDE (Genetic Data Environment) is a user-friendly interface that integrates different bioinformatics
tools, without the need to convert between different input/output file formats every time a new tool is
used. GDE is very useful for the analysis of HIV, as all of the sequence-specific databases, phylogenetic
datasets, and programs needed to study its diversity and molecular phylogeny can be integrated into this
interface. Some of the external tools included in GDE are BLAST and FASTA for local alignment
against databases, Clustal for MSA, ReadSeq for format conversion, and Phylip for phylogenetic analy-
ses (6).

Alignment tools specific for HIV and HIV pre-built alignments

The Los Alamos HIV Sequence Database website provides several useful web tools for the ma-
nipulation of HIV sequences. Sequence Locator can be used to find the location of HIV or SIV nucle-
otide or protein sequences according to the standard numbering of the HXB2 genome. Gene Cutter
extracts HIV genes from nucleotide sequences, which can be pre-aligned. Gene Cutter can codon-align
HIV sequences, as well as translate them to amino acids. SynchAlign is another very useful tool to
profile-align two alignments, which can include the pre-built HIV alignments available from this data-
base. Primalign and Epilign align nucleotide or protein sequences, respectively, to these same pre-built
HIV alignments.

The Los Alamos HIV Database also provides many other tools for working with sequences, which
are not exclusive to HIV, but can also be used for other organisms. These include Gapstreeze for remov-
ing alignment columns if they present gaps above a certain percentage, Translate for translating nucle-
otide sequences to amino acids and Format Converter, which accepts sequences in any format and
converts them into any other format. More information can be found at the Los Alamos database website.

As mentioned before, the Los Alamos HIV Database provides pre-built alignments of HIV and
SIV, of the complete genome, and of specific genomic regions (e.g. LTR, pol, env, etc) (http://
www.hiv.lanl.gov/content/hiv-db/ALIGN_CURRENT/ALIGN-INDEX.html) (30).

PFAM also provides alignments of retroviral protein families, such as retroviral aspartyl protease
(RVP - accession PF00077), reverse transcriptase (RVT - accession PFO0078), the retroviral matrix
proteins (clan Matrix), and the envelope proteins (GP120 - accession PFO0516 and GP41 - accession
PF00517). More information can be found at the PFAM website (http://www.sanger.ac.uk/Software/
Pfam/) (13).

Publishing alignments

The process of publishing alignments also implies the use of specific software. Not all alignment
editors discussed above include functions for outputting ‘pretty-view’ alignments in publishable file
formats.
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There are also some software packages that were developed specifically for viewing and publish-

ing alignments. These include:

* SeqPublish (http://www.hiv.lanl.gov/content/hiv-db/SeqPublish/seqpublish.html) available online;

* Highlighter (http://www.hiv.lanl.gov/content/hiv-db/HIGHLIGHT/highlighter.html) available online;

* Alscript (http://www.compbio.dundee.ac.uk/Software/Alscript/alscript.html), available for Linux and
Windows;

* BOXSHADE (http://www.ch.embnet.org/software/BOX_form.html) available online or for Mac,
Windows, and Linux;

* ESPript (http://espript.ibcp.fr/ESPript/ESPript/) available online and for Linux (17);

* STRAP (http://www.charite.de/bioinf/strap/) available for Linux, MacOsX, and Windows (15);

Discussion

Sequence alignment is a necessary prerequisite for the analysis of gene and protein sequence data.
These analyses can include phylogenetic inference, structural analysis, and data mining. If a sequence
alignment contains errors, these errors will be propagated in subsequent analysis, with the potential to
result in flawed conclusions. While local alignment methods are important for searching closely related
sequences and for quality control of laboratory-generated sequences, application of global alignment
methods is required before proceeding with comparative sequence analysis. Recent developments aim
at alignment-free phylogenetic inference (33, 51) or may improve co-estimation of alignment, phylog-
eny and derived parameters. An interesting development in recent years has been “statistical align-
ment”. This class includes multiple alignment algorithms that use a statistical method, such as hidden-
Markov models implemented in a Bayesian approach (2, 36, 54) or other statistically-based methods
that attempt to associate a P-value to the multiple alignment (20, 42).

Visually inspecting sequence alignments is currently required to ensure their quality before pro-
ceeding to further analyses. Especially in regions with a lot of indels, such as the envelope of HIV,
alignments need to be manually edited to improve their quality. In our experience, however, manual
editing usually comes down to deleting ambiguously aligned gene regions. For example, hypervariable
loops in HIV envelope genes, like the one shown in Figure 1, may need to be omitted from further
analysis. A simple guideline would be to delete an ambiguous alignment part in between two conserved
residues, for example the hypervariable V4 loop between residues 46 (F) and 70 (T) in Figure 1a. We
would like to note that ‘gap-stripping’, which involves the removal of all alignment columns that con-
tain gaps, and which is a frequent practice in the analysis of viral sequences, should not be considered as
a standard prerequisite for further analysis. Regions where gaps have been inserted with relatively high
confidence can still be informative in further analysis. For example, in our opinion, there is no need to
delete the gapped region from residue 8 to residue 11 in Figure 1. More editing may be needed for
nucleotide sequence alignments, in particular to restore the reading-frame in coding sequences (Figure
1b). Many software programs are available for this purpose. We briefly discussed seven of those that are
considered to be relatively user-friendly and that cover common operating systems. Unfortunately, there
exists no comprehensive software that combines all the useful features of the different programs we
discussed. As academic funding agencies generally under-appreciate software development, research-
ers may sometimes need to resort to commercial software packages that can fill the gap.
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1. Introduction

The use of highly active antiretroviral therapy has dramatically reduced morbidity and mortality
among patients infected with HIV-1 (1,2). But the success of antiretroviral treatment is frequently lim-
ited by the emergence of HIV drug resistance (3-5). Importantly, drug resistant viruses can be transmit-
ted to newly infected individuals (6-8). Transmission of drug resistant HIV is a major public health
concern, as it could lead to a situation in which no effective drugs are available for the treatment of HIV.

A large number of epidemiological studies have addressed the important issue of transmission of
drug resistant HIV. Unfortunately, the results of different studies are difficult to compare because of
substantial dissimilarities in assay methodology, definitions used to classify drug resistance, time pe-
riod in which the data were collected, and the population under study. Despite these differences, some
conclusions can be made about the epidemiology and the impact of transmitted drug resistance.

This review summarizes the most important findings of epidemiological studies on transmission
of drug resistant HIV. This review was limited to studies published in peer-reviewed journals in the last
five years (2002-2006). To allow for comparison, we only considered studies that included the propor-
tion of patients infected with drug resistant HIV and that reported the occurrence of transmitted resis-
tance to a particular class of antiretrovirals. (The fusion-inhibitor enfuvirtide was not considered, as the
epidemiological studies did not include the gp41 region where resistance to this drug emerges). Topics
that will be discussed include the proportion of transmission of resistant strains in different parts of the
world, trends over time, risk factors for acquiring drug resistant HIV, and the impact of transmitted
resistance on future therapy. Special emphasis will be given to the methodological dissimilarities be-
tween the studies and the potential impact of these factors on the reported proportions of transmission of
drug resistant HIV.

2. Methodological differences between epidemiological studies

2.1 Sampling strategy

A significant cause of dissimilarity among studies is whether the individuals sampled had a recent
infection, were antiretroviral naive, or were newly diagnosed patients (Table 1a).

Sampling limited to recently infected patients

Limiting the inclusion to recently infected patients has a substantial epidemiological benefit. Epi-
demiology defines the occurrence of disease as incident (new cases of disease during a specified period
of time) or prevalent (number of diseased individuals at a particular point in time) (9). Incident patients
acquired the virus recently, whereas antiretroviral naive individuals who are chronically infected are
defined as prevalent. In recently infected patients, the moment of infection can be estimated. Con-
versely, prevalent patients are a heterogeneous mixture of individuals who were recently infected and
those who acquired the virus many years before but who did not yet receive treatment.

Tables 2a and 2b show an overview of, respectively, studies that limited the sampling to patients
who recently acquired HIV (Table 2a) or studies that included antiretroviral naive patients (Table 2b).
The latter group consists of both recently and chronically infected individuals. A first remarkable obser-
vation is that the studies among recently infected individuals (Table 2a) used differential inclusion
criteria as evidence for seroconversion in the recent past, ranging from 6 to 36 months. But of greater
importance is the substantial dissimilarity in risk group distribution between studies including either
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Table 1a Methodological differences in sampling strategies used in epidemiological studies

Sampling strategy

Strengths

Weaknesses

Recently infected patients

Antiretroviral naive patients

Newly diagnosed patients

¢ Potential reversion is limited.

¢ Duration of infection can be esti-
mated.

¢ Trends over time can be established.

* The largest possible number of pa-
tients can be identified.

* Comparison between recently and
chronically infected patients can be
made.

« Patients reflect clinical practice, as
they are under consideration for ther-

apy.

» Large number of patients can be
identified.

* Frequently the earliest sample that
is available is drawn at the time of
diagnosis. Compared to antiretroviral
naive patients, reversion is therefore
minimized.

¢ Local strategies can be made that
allow the identification of a sample
representative for the risk group dis-
tribution and geographical distribu-
tion in a particular country by using
surveillance systems already in place
in many countries.

* Comparison between recently and
chronically infected patients can be
made.

* Recently infected patients are diffi-
cult to identify.

» Some risk groups could be over-
represented, which limits the general-
izibility of the results.

* Patients are more heterogeneous,

as they are a mixture of individuals
recently infected and those who ac-
quired the virus many years before but

who did not yet receive treatment.

* Representative sampling could de-
pend on quality of national surveil-
lance system.

* Patients may have previously been
diagnosed elsewhere.

Table 1b Methodological differences in resistance testing technologies used in epidemiological studies

Technology of testing

Strengths

Weaknesses

Genotypic assays

Phenotypic assays

* Most frequently used method for
classifying resistance.

* Application of genotypic assays to

clinical practice has shown to be bene-

ficial in randomized clinical trials.
* Less expensive and quicker.

* Gives insight into evolution of resis-

tance by detection of revertants.

* Results are easier to interpret.

* Population sequencing does not de-
tect minor virus populations.

* No consensus about amino acid sub-
stitutions that should be used to clas-
sify genotypic resistance.

* Validation for particular subtypes
could be limited.

* Minor virus populations are not de-
tected.

* No consensus about fold changes in
ICy, that are relevant for resistance to
particular drugs.

* More expensive and time consuming.
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recently or chronically infected patients. Men-having-sex-with-men (MSM) were the predominant risk
group (proportion ranging between 57% and 92%) in studies of recently infected patients in Western
Europe or North America (Table 2a). In the same geographical regions, MSM was also a common risk
group among prevalent antiretroviral naive patients (Table 2b). But the proportion of MSM had percent-
ages ranging between 18% and 63%, substantially lower than in most studies of recently infected pa-
tients. An important explanation for this dissimilarity in risk group distributions between the studies in
Tables 2a and 2b is that, in some European countries, patients who acquired HIV through heterosexual
contact are more likely to come from regions with a history of limited access to antiretroviral drugs (10-
12); amongst them, transmission of resistance will be rare. In addition, most of these patients are ex-
pected to have been infected before arrival in Europe and are therefore expected to be underrepresented
among recently infected patients. Finally, it has been reported that MSM more frequently take an HIV
test (13). As a consequence, they are likely to be identified earlier during the course of their infection.
Therefore, studies limited to recently infected patients may not be representative of all HIV-infected
patients and are likely to overestimate the true size of the problem of transmitted drug resistance.

Limiting the inclusion to recently infected individuals also has an advantage from a virological
point of view, as reversion of transmitted drug resistance will be minimized. Reversion can occur be-
cause mutations conferring resistance to antiretroviral drugs commonly - but not always - result in a
virus that replicates less efficiently than wild-type HIV (14,15). Thus, the drug resistant virus could be
outgrown by faster-replicating revertant viruses. In addition, reversion could result in a viral sequence
intermediate between the wild type and a resistance associated substitution. An important example of
this phenomenon occurs at codon 215 of reverse transcriptase. Here, the resistance associated substitu-
tions T215F and T215Y require two nucleotide mutations for reversion to wild type. But in isolates
obtained from patients who had not receive antiretroviral treatment for their HI'V-infection, unusual
codons are frequently found that are intermediates between wild type and T215F/Y (16-19). Interest-
ingly, viruses with a reversion at codon 215 have a decreased genetic barrier for the selection of the
resistance-associated amino acid substitution T215Y (19).

Intermediates have not been reported for most other codons where resistance associated substitu-
tions can emerge. As a consequence, reversion is expected to frequently result in a susceptible wild-type
virus. In this context, it is important to note that drug resistant HIV can persist for decades by establish-
ing a latent infection in resting memory CD4-positive cells, and perhaps other cells (15). Hence, inclu-
sion of chronically infected antiretroviral naive patients could underestimate the size of the problem, as
resistance - still present as a latent infection - may no longer be detected due to reversion to the wild-
type sequence in viral RNA isolated from plasma. Several studies have shown a remarkable persistence
of particular patterns of transmitted drug resistance in plasma over time (20-23), indicating that rever-
sion of some mutational patterns only occurs to a limited extent. In addition, a recent study (24) pro-
posed compensatory fixation as a possible explanation for the in vivo persistence of some mutational
patterns. The study reported the prolonged persistence (up to 4 years) of viruses with multiple protease
mutations after treatment with protease inhibitors was stopped (treatment with RT inhibitors was con-
tinued). It was found that these viruses have partially compensated for the initial loss in replication
capacity. Reversion of a single mutation therefore causes a further reduction in replication capacity and,
as a consequence, the route to wild type is blocked (24). A similar phenomenon was observed in trans-
mitted resistance (25).

Sampling extended to antiretroviral naive and/or newly diagnosed patients

Patients recently infected with HIV are difficult to identify. But, because of the limited extent to
which reversion occurs, epidemiological studies could also include patients living with HIV for a longer
period of time who have not received treatment at the time they were sampled; these chronically in-
fected antiretroviral naive patients are easier to identify. Hence, studies also including antiretroviral
naive patients could identify a larger number of individuals during a shorter period of sampling. This is
nicely illustrated by comparing the number of patients included in the studies summarized in Tables 2a
and 2b; all studies with more than 500 patients also included antiretroviral naive individuals.

But antiretroviral naive patients can be sampled using several strategies. For instance, patients
who had not been treated with antiretrovirals at the time of inclusion can be sampled (17). In addition,
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a resistance test can be done on a sample collected just before treatment is initiated (26). Sampling is
preferably limited to newly diagnosed patients, as this approach allows a resistance test to be performed
on the earliest available sample, thus minimizing reversion (27). In addition, a substantial number of
countries have HIV surveillance systems that are limited to newly diagnosed patients (10-12,28,29).
Using these surveillance systems, local sampling strategies can be made that allow for the identification
and inclusion of individuals who are representative of the risk group distribution and geographical
distribution of local HIV epidemics. Finally, newly diagnosed patients also include individuals who
recently acquired HIV.

2.2 Assay methodology and definitions used to classify resistance

Genotypic assays

Both genotypic and phenotypic assays are used for resistance testing, and the strengths and weak-
nesses of each methodology are summarized in Table 1b. The majority of epidemiological studies have
used genotypic testing (Tables 2a and 2b). Genotypic assays identify the mutations that cause amino
acid substitutions associated with drug resistance (30). Importantly, most studies have used population
sequencing, which fails to detect and quantify minorities of drug-resistant quasi-species below 25%
(31). Using methodology that allows the quantification of minor viral populations has demonstrated
that conventional population sequencing considerably underestimates the size of the problem of trans-
mitted resistance (31,32).

Studies using genotypic assays define resistance as the presence of one or more amino acid sub-
stitutions included in the resistance guidelines published by the International AIDS Society of the United
States (IAS-USA) (Tables 2a and 2b). This is an important advantage, as it facilitates the comparison of
rates found between studies. But unfortunately, the IAS-USA resistance guidelines are not designed for
this purpose. Indeed, the experts who wrote the guidelines indicate that the list should be used cau-
tiously in studies of the transmission of resistance (33).

Several problems could arise when applying the IAS-USA resistance guidelines in epidemiologi-
cal studies on transmission of resistance. For instance, the guidelines include polymorphic substitutions
that occur naturally in HIV-1 sequences obtained from individuals without any previous drug exposure
(34-36). Inclusion of these polymorphic substitutions could overestimate the size of the problem. In this
respect, it is also important to discuss the distinction the IAS list makes between major and minor
protease substitutions. According to the definition provided in the IAS list, major substitutions by them-
selves reduce drug susceptibility. Minor substitutions improve, in some cases, the replicative capacity
of HIV carrying major substitutions (37), but do not by themselves have a significant effect on drug
susceptibility (37,38). Most minor protease substitutions are polymorphic, as they are also common in
sequences from patients who have not been exposed to antiretrovirals (36,39). Due to the polymorphic
nature of most minor substitutions, studies only consider the major ones as evidence of transmission of
drug resistance.

Furthermore, the IAS list may not include all relevant substitutions, as the guidelines are based on
published data. Current published data rely mainly on isolates obtained from persons treated for a lim-
ited period of time with a single inhibitor. Today, therapeutic regimens are increasingly complex, and a
large number of novel resistance-associated substitutions have emerged that are not currently included
in the TAS list (35,36,40).

The amino acid substitutions included in the IAS-USA resistance guidelines have mostly been
identified in sequences of subtype B. Interestingly, particular subtypes have different mutational pat-
terns (41). But codons at positions with major protease and reverse transcriptase drug resistance-associ-
ated substitutions are generally well-conserved across the subtypes (42). Nonetheless, some important
differences in resistance pathways are found in subtype B and non-B strains. For instance, in patients
failing nelfinavir, subtype B strains most frequently develop the D30N amino acid substitution, whereas
other subtypes more commonly develop L9OM (43,44). Similarly, upon failure to efavirenz, V106M is
more frequently observed in subtype C as compared to B (45).

Finally, the IAS list is regularly updated to include novel substitutions that have been identified as
relevant for drug resistance (33,38,46-53). But these updates complicate the comparison between stud-
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ies performed at different periods in time. In addition, the IAS list does not consistently list the same
mutations. For instance, the RT amino acid substitution V118I was included in previous versions of the
IAS list (48,52,53), but was omitted from the most recent update of the list (54). Importantly, the V1181
substitution is found in 2-3% of subtype B sequences obtained from patients who did not take antiretroviral
drugs (55). Hence, inclusion of V118I overestimates the size of the problem of transmitted resistance.
Similarly, the protease V32I substitution was classified in previous versions as a minor mutation
(48,52,53), but the most recent update of the list classifies this mutation as major (54).

To facilitate any comparison between studies, the methods section of reports on the epidemiology
of transmission of drug resistant HIV should include the mutations considered. In addition, the fre-
quency of the most commonly found amino acid substitutions should be listed in the results section.

Phenotypic assays

A small number of studies classified resistance using phenotypic assays (Table 3). All of these
studies also defined drug resistance by means of a genotypic assay (and thus are also included in Tables
2a and 2b). A phenotypic assay measures the in vitro susceptibility of HIV to antiretrovirals. For this
purpose, a recombinant virus including the protease and RT gene from the patient’s plasma is created.
Susceptibility to particular antiretrovirals is then calculated as the fold change in drug concentration at
which 50% (ICs) of replication is suppressed, as measured by comparing the ICs, values of a reference
strain and the recombinant virus (16,56).

Unfortunately, the cut-offs used in phenotypic assays for defining drug resistance are not clearly
described. All studies defined phenotypic resistance using cut-offs in ICy, at 2.5 and 10 fold (57-60).
But the cut-offs above which there is detectable impairment in virological response is known to vary by
drug. Surprisingly, only one study used various cut-offs for different antiretrovirals based on assay
precision, biological variability, and limited clinical experience (58).

Using different cut-offs had a substantial impact on the proportion of patients in whom transmit-
ted resistance was detected (Table 3). All studies reported a prevalence of at least 10% when using a cut-
off of 2.5. Conversely, the size of the problem of resistance was limited if only a fold change in ICy,
above 10 was considered. Importantly, in all studies, the reported prevalence based on phenotypic as-
says deviated substantially from the result obtained using genotypic resistance (Figure 1).
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Figure 1. Comparison of genotypic and phenotypic resistance tests. The bars labeled ‘genotypic’represent
the proportion of patients infected with a drug resistant virus according to the results of genotypic
assays. Similarly, the bars >2.5 and > 10 represent the proportion of transmitted phenotypic resistance
using a fold-change in IC50 of, respectively, at least 2.5 or 10. The study by Grant et al. (reference 58)
did not include the fold changes above 2.5, but used clinical cut-offs that varied for each drug.
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3. Summary of the reported results

31 Epidemiology of transmitted resistance

Recently infected patients

Studies limited to recently infected patients were predominantly performed in Europe and North
America (Table 2a). Interestingly, the incidence figures reported in Europe (ranging between 6.4% and
14.0%) (61-68) were generally lower than those in North America (12.3% to 23.1%) (57,58,69). The
magnitude of multi-class resistance, defined as evidence of decreased susceptibility to at least two
different classes of antiretrovirals, was also substantially higher in North America (about 6%) as com-
pared to Europe (generally <2%). This indicates that the problem of transmitted resistance is more
complex in North America. Furthermore, in both of these parts of the world, resistance was most fre-
quently found for NRTIs (nucleoside reverse transcriptase inhibitors).

The single African study, which only included recently infected individuals, found no evidence of
transmitted drug resistance (70). The absence of resistance among these patients most likely reflects the
limited availability of antiretrovirals in Africa.

A remarkable study from Argentina reported an incidence of 7.7% (71). The results of this study
are interesting because the Argentinean ministry of health has sponsored a policy of universal access to
antiretroviral drugs since 1990. It is therefore important to note that the figure reported in this South
American country was lower than most estimates from Europe and North America. Genotypic resis-
tance was primarily found for NNRTIs (non-nucleoside reverse transcriptase inhibitors). In addition,
transmitted multi-class resistance was not reported.

Antiretroviral naive and newly diagnosed patients

A considerable number of studies have reported on the epidemiology of transmitted drug resistant
HIV among prevalent patients who had not received antiretroviral therapy at the time they were sampled
(Table 2b). These studies included antiretroviral naive patients on almost all continents. Importantly,
evidence of transmitted resistance has been observed all over the world. But a consistent finding among
antiretroviral naive patients, irrespective of where they were sampled, is that the prevalence of multi-
class resistance is limited.

Studies from North America (72-76) and Western Europe (17,26,68,77-83) generally reported the
highest prevalence estimates of transmitted drug resistant HIV (8-18% and 2-14%, respectively). This
could be ascribed to the earlier period in time when patients were sampled in these regions. In addition,
it could be due to the widespread availability of antiretroviral drugs for a substantial period of time in
industrialized countries. A notable exception to the higher prevalence of transmitted resistance in North
America and Western Europe is Denmark. A study from this country found evidence of transmitted
resistance in only 2.1% of the included individuals (80).

An interesting observation that can be made from the results in Table 2b is that transmitted resis-
tance in North America and Western Europe was most frequently found for NRTTs, irrespective of the
years in which patients were sampled. It should be noted that one study from San Francisco (76) was an
exception, reporting that transmitted NNRTT resistance was the most common. In other parts of the
world, transmitted resistance was generally more homogenously distributed across the various
antiretroviral drug classes. A possible explanation for this dissimilarity is that in Western Europe, the
USA, and Canada, antiretrovirals were introduced well before HAART (highly active antiretroviral
treatment, or the combination of the at least two different classes of anti-HIV drugs) became available
in 1996. Before then, treatment of HIV consisted of a single NRTI, usually zidovudine or lamivudine.
Resistance to mono-therapy with these drugs emerges rapidly (84-86) and it is thus very likely that a
large number of NRTI-resistant viruses circulated at that time. Indeed, the first published case reports in
the early 1990s described transmitted zidovudine resistance (6-8). HAART successfully suppresses
viral replication making the emergence of resistance less likely. Therefore, in countries where treatment
started at the time when HAART had become available, less drug resistant viruses are expected to
circulate. This hypothesis is also supported by the observation that rates of transmitted NRTI resistance
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were generally highest in Europe and North America (87).

Studies performed in Africa were usually small, with sample sizes ranging between 18 and 107
patients. As could be expected based on the small scale on which antiretrovirals are available in Africa,
transmission of drug resistance did not occur frequently, with estimates between 0 and 13.0%. Simi-
larly, the mutational patterns were not complex, as resistance was always observed for only one class of
antiretrovirals (59,60,88-92). Nonetheless, one study from Cameroon reported a considerable preva-
lence of transmitted resistance of 13.0%. But this study used a dissimilar method, as the genotyping was
done using proviral DNA. In addition, the researchers analyzed at least four clones per sample. Interest-
ingly, the researchers reported that the drug resistance-associated substitutions were, in all but one case,
present as minor populations, as evidence of resistance was only observed in only one of the four clones
(92). But these minor viral variants cannot be detected by the population sequencing used in other
studies (31). Excluding the drug resistant mutants found as minor populations from the analysis resulted
in a decrease of the prevalence of transmitted resistance from 13.0% (7/54) to 1.9% (1/54) (92).

Of particular interest were the two reports from the former Soviet Union (93,94). Since the mid-
1990s, this part of the world has experienced a progressively growing epidemic, mostly limited to
intravenous drug users. Importantly, Eastern Europe is the region of the world with the fastest growing
HIV epidemic (29). One report, from the republic of Georgia, predominantly included intravenous drug
users and found a limited prevalence of transmitted resistance of only 4% (93). The other report from
Eastern Europe included patients from across the former Soviet Union (94). Surprisingly, the study
found a prevalence of 17%, which is among the highest reported anywhere in the world.

In Latin America most reports that limited the inclusion to antiretroviral naive patients came from
Brazil (95-98). This country provides important information, as the Brazilian ministry of health has
been sponsoring a policy of universal access to antiretroviral drugs since 1996 (98). The prevalence of
transmitted resistance has had values ranging between 2.8 and 8.5% (95-98), generally lower than most
reports from Europe and North America. Transmitted multi-class resistance in Brazil was only observed
in a very limited fraction (at most 0.6%) of antiretroviral naive individuals (95-98). Similarly, a study
among MSM in Peru found a low prevalence of transmitted resistance of only 3.3% (99).

Two reports from Asia found that the size of the problem of transmitted resistance was limited
(100,101). A study from Vietnam found a prevalence of 6.5% among 200 antiretroviral naive individu-
als (100). Similarly, a Malaysian study reported evidence of transmitted resistance in only one indi-
vidual among 100 antiretroviral naive patients (101).

Comparison of recent vs. chronic infection

A small number of studies that sampled antiretroviral naive patients also compared the proportion
of resistance between recently and chronically infected individuals (Table 4) (17,72,75,83,97,99). All
but one of these studies (17,72,75,83,97) found that transmission of drug resistance was most frequent
among patients who recently acquired HIV. But two reports found a decreased risk for transmitted
resistance among recently infected patients as compared to chronically infected individuals (76,99).

Table 4 Comparison of proportion of transmitted resistance among recently and chronically infected pa-

tients
Years of  Classification of Number of patients Proportion resistant (%)

Ref. Region sampling  recent infection Recent Chronic Recent Chronic

(17) Europe, Israel 1996-2002 <12 m 777 607 13.5 8.7

(72) USA, 10 cities 1997-2001 <6 m 182 767 11.5 7.4

(75) Canada 2000-2001 <6 m 221 494 122 6.3

(76) San Francisco, USA 2004 Detuned assay (118,119) 42 76 9.5 14.5

(83) Greece 2002-2003 <12 m 18 79 222 63

(97) Sao Paolo, Brazil 1998-2002 Detuned assay (120) 55 280 12.7 5.0

(99) Peru 2002-2003 Detuned assay (121) 33 326 3.0 34
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The epidemiological dissimilarity in transmitted resistance between recently and chronically in-
fected patients is due to a complex interplay of various factors. First, the discrepancy is partially ex-
plained by the limited degree to which reversion occurs (20,22). In this context, it should be noted that
revertants at codon 215 are classified as transmitted resistance. Furthermore, patients who are identified
earlier during the course of their HIV-infection generally have a different risk-group distribution. As a
consequence, the dissimilarity could be due to the higher prevalence of transmitted resistance in par-
ticular risk groups that are more common among patients identified earlier after seroconversion. Fi-
nally, both study groups were infected at different moments in time. The lower prevalence among chroni-
cally infected patients could therefore reflect a lower prevalence of transmitted resistance in the past.

3.2 Time trends

In this report, the comparison of transmitted resistance over time was limited to patients who were
newly infected. Only these patients were considered, as transmission of resistance among chronically
infected patients also reflects the risk for acquiring a resistant virus many years ago.

The results from studies that looked at trends are inconsistent, with some studies finding either a
substantial increase (57,61,69) or decrease (62,65,67) over time. In addition, other studies reported a
slight decrease in transmitted resistance followed by a second peak (17,58,72). The inconsistent find-
ings could be explained by local differences. But the comparison between time periods is complicated,
as many studies reported that the population under study also changed over time (61,62). Also, there
was a considerable dissimilarity between studies regarding the particular time periods that were com-
pared.

New insights in the treatment of HIV and novel drugs have been developed during the last decade
(102-105). As a consequence, it can be expected that treatment has improved over time, and this could
have an impact on transmitted resistance. But based on the reports published in recent years, it is not yet
possible to conclude whether changes in treatment had a beneficial or detrimental impact on the size of
the problem of transmitted resistance over time.

3.3 Risk factors for acquiring drug resistant HIV

Several studies have reported on the risk factors for acquiring a drug resistant virus. Importantly,
studies from North America and Europe reporting on risk factors found that transmission of resistance
most frequently occurred among Caucasians, as compared to other ethnic groups (26,72,74,75). This
dissimilarity is most likely caused by the fact that antiretrovirals have been available for a prolonged
period of time in North America and Europe, but have been less accessible in other parts of the world.
As non-Caucasians are more likely to carry viruses originating from recent immigrants, they are thus
less likely to carry a drug resistant virus.

An interesting observation was that viruses in which drug resistance-associated substitutions were
identified were predominantly of subtype B (17,26). HIV-1 subtypes have a distinct geographical distri-
bution, with subtype B predominating the epidemic in North America and Western Europe. Clade B
accounts for only a minority of infections in Africa, where subtypes A and C predominate, and a number
of other clades are also circulating at a high level (106-108). Subtype B viruses thus predominantly
circulate in areas where antiretrovirals are readily available. This explains the higher prevalence of
transmitted resistance among subtype B.

In summary, the comparison of reported risk factors suggests that transmission of resistance is
most likely in patients originating from areas where antiretrovirals are available on a large scale. As a
consequence, immigration from areas with limited access to antiretrovirals could have a profound im-
pact on transmitted resistance.

3.4 Impact of transmitted resistance on treatment efficacy

When treatment of patients who have failed antiretroviral therapy is guided by expert interpreta-
tion of genotypic resistance, significantly improved virological outcome is achieved (109-111). These
results cannot easily be extrapolated to transmitted resistance, as mutational patterns are more complex
among patients failing antiretroviral treatment. For instance, contrary to transmitted resistance, HIV
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multi-class resistance is very common in individuals who fail treatment (3-5).

Several of the epidemiological studies discussed in this review analyzed the impact of transmitted
resistance on initial antiretroviral treatment. Studies that did not use genotypic information in the initia-
tion of treatment found that antiretroviral naive patients infected with a drug resistant virus took a
longer time to reach viral suppression after starting treatment (57,58,63). In addition, among patients
who had a relapse of viremia after viral suppression, the length of time to virologic failure was shorter
among individuals with transmitted resistance (57). Complete viral suppression was generally achieved
in the vast majority of patients, irrespective of baseline susceptibility patterns (57,58). Nonetheless, the
longer time needed to achieve complete viral suppression may permit sufficient further rounds of viral
replication to select for additional drug-resistant variants (112), which could be detrimental during a
later stage of treatment.

Conversely, studies in which treatment was optimized based on interpretation of resistance found
that the time to virological suppression was similar irrespective of baseline susceptibility (26,67,69,109-
111). Therefore, guidelines (27,105) recommend resistance testing before initiation of treatment in ar-
eas where the prevalence of transmitted resistance is unknown or greater than 5% (105) or 10% (27).

4. Conclusions and summary

The incidence and prevalence of transmitted resistance show substantial variability among stud-
ies. The dissimilarities among studies are to some extent ascribed to whether recently or chronically
infected patients were sampled. Limiting the inclusion to recently infected patients has some important
virological advantages (i.e., potential reversion minimized) and epidemiological advantages (i.e., dura-
tion of infection can be estimated), but particular routes of transmission seem to be over-represented.
The latter is most likely due to differences in HIV testing behavior between risk groups. As a conse-
quence, studies limited to patients that recently acquired the virus may not be representative of all HIV
infections in a particular geographic region. Fortunately, transmitted drug resistant HIV persists for a
considerable period. This key observation implies that epidemiological studies on transmitted resis-
tance could also include chronically infected patients who had not received antiretroviral treatment.
Notably, most patients are identified when they have entered the asymptomatic phase of AIDS.

As an example of progress in surmounting the problem of differences in study methodologies, we
would like to mention the SPREAD program, which is now being implemented by the
EuropeHIVResistance Network. This program has investigated transmission of resistance and its deter-
minants across Europe. For practical reasons, the study group consisted of newly diagnosed patients.
Sampling newly diagnosed individuals allowed us to obtain the earliest available sample. Importantly,
patients were sampled according to a uniform strategy that enabled the identification of those who were
representative for the risk group distribution and geographical distribution of the HIV epidemic in each
country. Using this strategy, we identified 1083 patients from 17 European countries. A considerable
proportion (22%) of the patients had laboratory evidence of recent seroconversion (<1 year) (113). We
expect that the results of this large-scale systematic study will shed new light on the transmission of
drug resistance in Europe.

The most important risk factor for transmitted resistance seems to be the large-scale availability
of antiretrovirals in the area where infection occurred. Immigration from areas with limited or no access
to antiretrovirals could therefore have a profound impact on the size of the problem of transmitted
resistance (e.g., immigration from Africa to Europe). In theory, the occurrence of transmitted resistance
in a risk group sampled in a particular geographical region could increase but, due to immigration, the
prevalence could decrease in the population of antiretroviral naive individuals living in the same area.
Therefore, absolute numbers and the occurrence of transmitted resistance should be provided for every
risk group.

The vast majority of studies used population sequencing for determining genotypic resistance.
This type of genotypic assay sequencing does not allow detection of minor populations present in <25%
of the sequences. Virtually all studies therefore underestimate the size of the problem of transmitted
resistance. Importantly, there is a surprising lack of consensus with respect to the amino acid substitu-

REVENE




30 Epidemiology of Drug Resistant HIV-1

tions that are of relevance for transmitted drug resistance. Studies using different methods for classify-
ing resistance based on genotypic assays are therefore difficult to compare. Thus, we recommend that
the methods section of all epidemiological studies should include the particular amino acid substitu-
tions that were analyzed. In addition, the frequency of the most commonly-found mutations should be
listed in the results section.

Transmitted multi-class resistance is rare in all parts of the world. Nonetheless, epidemiological
studies that followed patients after the start of antiretroviral treatment showed that therapy guided by
resistance testing performed before the commencement of antiretrovirals has a beneficial impact on the
length of time to reaching virological suppression. Resistance testing on the earliest available sample is
therefore recommended in areas with a prevalence of transmitted resistance that exceeds 5-10%.

Current studies on transmission of drug resistance only consider three classes of antiretroviral
drugs (NRTIs, NNRTTIs, and protease inhibitors). But since 2003, the fusion inhibitor enfuvirtide is also
available in clinical practice (114,115). Transmitted resistance to enfuvirtide does not presently seem to
be a problem, as only two cases have been documented (116). A likely explanation for the very limited
enfuvirtide resistance is that this drug is used by only a small number of patients. For example, a Dutch
online database on drug utilization in the Netherlands reported that in 2005 only 89 patients used
enfuvirtide, while almost 9,000 individuals used NRTIs, about 5,000 persons used NNRTTs, and more
than 3,000 patients took protease inhibitors (117). Inclusion of enfuvirtide resistance in surveillance
programs means that a genetically variable region of the envelope should be genotyped, and this proce-
dure is not currently part of routine clinical practice. Therefore, this test only seems warranted if a
substantial number of HIV patients start using this drug. Similarly, transmission of resistance to novel
drugs such as CCRS and integrase inhibitors should only be considered if large numbers of patients start
using these drugs. Before large scale epidemiological studies are set up, pilot studies in particular risk
groups could be performed to determine if any transmission of resistance to novel classes of drugs is
found.

In summary, transmission of resistance has been reported in all parts of the world. The size of the
problem varies between 0 and 25% and seems to be the highest in areas where antiretrovirals have been
available for a long period of time. Antiretrovirals have shown to dramatically decrease morbidity and
mortality among people living with HIV (1,2) and are therefore increasingly provided in many parts of
world. Monitoring of transmitted resistance continues to be needed to allow a timely modification of
antiretroviral treatment guidelines. Importantly, when comparing results from various studies, the dif-
ferences in research methodology should be taken into account.
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The Los Alamos National Laboratory HIV databases serve as a repository for large amounts of
information about HIV. A challenge for us is to find ways to make this information as useful and as
easily accessible as possible for our experimentalist colleagues. Over the years, we have developed a
variety of web-based tools for searching the databases that we maintain. We hope that by providing a
general overview of these search tools, this article will familiarize our website users with new ways of
accessing useful data.

Below is a list of our database search programs, followed by detailed descriptions and examples
of each.

ALL DATABASES

Site search Find web pages on all our websites.

SEQUENCE DATABASE
Sequence Search Interface Find, align, download, build tree, and analyze sequences.
Advanced Search Interface Generate a custom search interface for any database fields.

Geography Find and map the number of sequences of each genotype by region or country.

IMMUNOLOGY DATABASE
CTL(CD8+) and T-helper(CD4+) Search Find CTL and T-helper epitopes.
Antibody Search Find HIV-specific antibodies.

VACCINE TRIALS DATABASE
Regular Search Search for studies meeting your criteria.
Cross-Table Search Generate cross-tabulated data, based on any two database criteria.

Adjuvants/Stimulants Search a separate database of substances used as adjuvants/stimulants in vaccine
trials.

RESISTANCE DATABASE

Simple Search Search for drug resistance mutations by gene, compound, drug class, and amino acid
position only.

Advanced Search Search by a wider selection of fields.

ADRA Identify mutations associated with anti-HIV drug resistance in your query sequence.
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I. ALL DATABASES

Site Search

The site search can be accessed from the menu bar found on most pages of the Sequence and
Immunology databases, shown below. It is a Google-based search for words or phrases in any of the
LANL HIV and HCV databases. For example, if you want to know what pages we have about circulat-
ing recombinants of HIV, type “CRF” or “recombinants” into the search box. The searches have the
same advantages and disadvantages as all Google searches.

HIV sequence database

DATABASES SEARLH MLICMMERTS TooLd PUBLICATIONS  QuiDEd

II. SEQUENCE DATABASE

The sequence database (www.hiv.lanl.gov/content/hiv-db) contains all HIV-1, HIV-2, SIV, and
SHIV sequences that have been deposited in public databases. We have a slight lag-time in retrieving
sequences, SO some very recent sequence submissions may not be available at the time of search. We
provide three search interfaces for extracting sequences and related information: Regular search, Ad-
vanced search, and Geography search.

Regular Search Interface

The information in the sequence database can be accessed via a versatile, user-friendly search
interface that allows searches on approximately 30 different fields. An important feature is the ability to
search by genomic region. For example, you can locate all sequences in the database that span the V1—
V3 region of env. There is also an option to include sequences that are located in that region but do not
cover it completely; this option is labeled “Include fragments of minimum length __”. The minimum
length specified is the length by which a sequence needs to overlap the region of interest in order to be
included. In the example shown below, we are using the regular search interface to select sequences of
subtype C from the US. We have further limited the search to only sequences from patients with >2
sequences available in the database, and to the Pol region, including fragments over 100 bp long.

Fields available on the Search Interface Mousing over the names of most fields gives a very
brief description of each field; more help is available by clicking on the field name. Seven fields are
always included in the output list: accession number, sequence name, subtype, sampling country, sam-
pling year, genomic region, sequence length, and organism. All additional fields that are included in the
search are also listed in the output. (Note that this can result in wide pages for some searches, such as
Author names.) A complete description of all database fields is found in the search interface help file
(www.hiv.lanl.gov/components/hiv-db/combined_search_s_tree/help.html). We give brief descriptions
below.

Accession number To search for a range of accession numbers, type X12345 .. X23456. You cal
also search on a part of the number: X1234 gives you all accession numbers that start with this string.

Subtype PC users can select multiple subtypes by using ‘ctrl-click.” For most other browser/plat-
form combinations, either shift or command will do this. If you are interested in subtypes not included
in this list, use the Advanced Search interface, described below.
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Include recombinants By default, recombinants containing fragments of the selected subtype(s)
are included in the retrieval; uncheck this box to exclude them.

Authors Searches for author(s) listed on the publication. Do not include initials. You can also
search on part of the name, e.g., “James” will find authors with last name James or Jameson.

Pubmed/Medline ID The search returns all sequences associated with a specific PubMed ID.
Although Medline IDs are no longer being assigned, they may still be searched and retrieved using this
same field.

Patient code The patient code is displayed as a 2-part number, for example “P1(10139520)”. The
first part is usually the name or number by which the patient is identified in publication(s). The second
part is a unique number assigned by our database, the patient ID. A patient code such as “P1” can (and
does) refer to more than 1 patient. However, the sequence records associated with “10139520” are
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specific to a unique patient.

Risk factor This field describes the risk activity by which the patient most likely was infected.

Infection country We use the official two-letter country code for the infection country. A list of
these codes is available on our website.

Infection year The year in which the patient was infected.

Days from infection The number of days from the time the patient was infected until the sample
was taken for sequencing.

Days from seroconversion The number of days between the patient’s seroconversion and the date
the sample was taken for sequencing.

Sampling country The 2-letter code for the country in which the sample was taken.

Sampling year The year in which the sequenced sample was taken.

Geographic region This is a way to retrieve all sequences from (for example) the African conti-
nent without having to search for each country separately. Clicking on the field name shows a list of
which countries are included in each region.

Genomic region search The user can specify which genomic region to include in the search in
three different ways: 1) by predefined region in a table; 2) by HXB2 coordinates; 3) by automatic
matching start and stop coordinates to a user provided alignment. Part or all of the sequences are used if
they fall within the selected region. A genomic map showing the regions is available on the website. The
external sequences are automatically aligned to the search.

Exclude problematic sequences This option excludes certain sequences from results:

* N: high non-ACTG content (N’s or [IUPAC codes)

* C: potential contamination, as determined by the database staff

* H: hypermutated

* S: synthetic sequence

When searching for sequences by accession number, problematic sequences are included in the
results, but their problematic code is indicated; we assume you specifically want these sequences. For
other searches, they are excluded by default, but you can include them by unchecking the corresponding
boxes.

Other fields This is a pull-down menu to access several other search fields in the database without
cluttering the interface. Only one option can be chose per search.

Infection city The city (or region) where the patient was infected.

Title Words from the title of the publication associated with the sequence.
Comment Words in the comments entered by database staff.

Patient sex M or F.

Patient age The patient’s age in days at the time of sampling.

Project The name of the project or cohort.

Progression EC, LTNP, SP, RP, or P.

Number of patient sequences Use this field to find patients who have more than # sequences.
Patient health Acute infection, asymptomatic, symptomatic, AIDS, or deceased.
Isolate name Isolate name as given by the authors.

Clone name Clone name as given by the authors.

Sample tissue Material from which the virus was isolated.

Culture method Uncultured, primary [culture], or expanded [culture]

Search results The search results are presented in a table showing some basic information about
each sequence. A small graphic for each sequence shows where in the genome it is located. This can be
very useful to determine which region is best represented in that set, and therefore most suitable for
further analysis.

The search results can be sorted and selected in various ways. Retrieved sequences can be down-
loaded as an aligned file in FastA or other formats. These alignments need manual inspection and often
improvement, but form a very useful starting point. Alternatively, sequences can be downloaded as
unaligned nucleotides and/or translated to amino acids in any reading frame.
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The search interface also allows you to download the data in the output table as a tab-delimited
file, optionally including the unaligned or aligned sequences. The data can easily be imported into a text
editor or a spreadsheet such as Excel.

Sorting the sequences To sort the sequences on the content of one of the columns, click on the title
of that column. Clicking again will sort them in the reverse order.

Selecting sequences You can select sequences by checking the boxes at the beginning of the line.
To simplify the process, you can also use the blue-on-white buttons at the top of the table. Even if your
results are not displayed on a single page, these buttons work across pages. The ‘Select all’ and ‘Unselect
all’ functions are obvious. Use ‘Invert selection’ when you want to exclude a few sequences; select
those and then invert the selection. That will save a lot of clicking. ‘Show all” allows all sequences to be
listed on one page. You can use ‘Select record __to __’to select a range of sequences; the numbers refer
to the line numbers in the table. Finally, use ‘List __ records per page’ to change the length of each page.

Limiting the set to 1 sequence per patient This button is only displayed when a genomic region is
selected as one of the search criteria. It randomly selects one sequence from all sequences in the search
result that share a patient record. In other words, if there are multiple sequences that are known to be
from the same patient, all but one are discarded. Note that if multiple sequences per patient are present
but no patient record exists, these sequences will be deleted from the set. In other words, this function is
dependent on our annotation.

Downloading the sequences aligned vs. unaligned If your set contains only HIV-1 sequences, you
can download nucleotide sequences as an alignment, or unaligned. HIV-2 and SIV sequences cannot be
pre-aligned because no pre-aligned sequences are stored in the database. Amino acids only come un-
aligned, in any (or all) of the 3 reading frames.

If you used a genomic region or sequence coordinates to retrieve your alignment and you have
checked the ‘clip to selected region’ box, your sequences will be limited to the selected region. Other-
wise, you will end up with an alignment that covers the entire genome including the alignment gaps, i.e.
is around 11,000 characters long. This can be convenient if you want to align your sequences to a set of
complete genomes, or to other sequences retrieved using the same method (these alignments may differ
by a few positions). Note that the alignments are not necessarily optimal and usually require manual
adjustment. If you download an alignment, sequences that do not have valid coordinates relative to the
reference sequence will not be included in the alignment. Aside from HIV-2 and SIV sequences, this can
also happen if the sequences are very short, if they contain non-HIV inserts, or if they are reverse
complements. These sequences will be easily noticed in the search interface output because they do not
have the icon that shows the location, but say “no location info” instead.
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Including a reference sequence or reference alignment You can include the reference sequence
HXB2 in your downloaded sequences. This will make it easier to use the SynchAlign tool to align these
sequences to other sets.

How the sequences are aligned When the sequences are uploaded into the database, they are
internally aligned against a ‘model sequence’ that represents all sequences that are already present in the
database. For this alignment, we use the HMMER program, written by Sean Eddy (http://
hmmer.janelia.org/). The start and end coordinates of each sequence relative to the model sequence, as
well as the location of all the gaps, are stored in the database. When you request all sequences encom-
passing the vif gene, for example, the coordinates for the vif gene in the model sequence are retrieved,
and all sequences with a lower (or equal) starting point and a higher (or equal) stopping point are
retrieved. When the sequences are downloaded, the gaps relative to the model sequences are inserted.
For the little image that shows the location of the sequence relative to the genome, a slightly different
set of coordinates is used, relative to the reference sequence (HXB2 or SIVsmm?239) instead of the
model sequence. These coordinates are produced by an algorithm, and are identical to the coordinates
that the Sequence Locator tool produces. The location of some sequences cannot be accurately deter-
mined, often because they are too short. In these cases, the sequence will not be included in the aligned
download, but if you download the sequences unaligned it will be there.

Creating a phylogenetic tree You can make a neighbor-joining tree from all or a subset of your
retrieved sequences, your aligned user sequences, and include subtype reference sequences. The inter-
face allows you to compose labels for your sequences, to choose the evolutionary model for the distance
calculation (currently F84, Jukes-Cantor, Tamura/Nei, Kimura 2-parameter, and the General Reversible
model), to set gap handling options, to set site rate variation, and to choose the outgroup sequence. The
alignment, treefile, and various graphical representations of the tree can be downloaded.

Downloading background information It is possible to download the output shown in the search
results table as a tab-delimited file, which allows you to tabulate background data for the retrieved set.
Examples of background information: patient information (code, health status, age, gender, risk factor,
infection date, infection country, viral load), comments (from the authors or the database staff), and
sequence information (sampling city, clone name, etc). These fields can be from any of the fields avail-
able from the search interface.

Links within the search results table Several links are located inside the search results table. These
links only apply to the sequence on that line.

BLAST does a search of the sequence against the HIV database.

Accession Clicking on this link displays a “GenBank-style” entry that contains all data from
GenBank, plus extra features added by our database. You can download the entire sequence or part of it
in several formats; there is a link to the original NCBI entry; and there are links to “Show all sequences
for reference X”. These links use the publication ID to retrieve all sequences that are associated with
that publication or sequence deposit. Note: if you wish to display or save the GenBank information for
your whole set of selected sequences, go to the “Download sequences” option and choose “GenBank”
as the format.

Patient Clicking the patient ID displays all the information available in the databasefor that
patient with links to sequences drawn from that patient.

Genomic Region Mousing over the little green-and-yellow icon shows the exact start and stop
coordinates of the sequence.

Advanced Search Interface

This interface dynamically reads the schema of the database and generates a graphical overview
of the tables and fields. You can use this overview to generate your own custom-made search interface.
Just check the boxes next to the fields you want to either search on, or list in the output. However, some
of the ‘overhead’ that the regular interface performs automatically must be done by hand in the ad-
vanced interface. For example, when you check fields from multiple tables, you need to make sure that
they share a key (shown in red), otherwise the search will fail. You can get information and examples of
the content of the tables and fields by mousing over or clicking on the table names.
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In the example shown here, we are going to make a search interface where we can retrieve all
sequences covering Pol protease and RT (coordinates 2253—-3870) from patients that are known to be
non-drug-naive. We have checked several additional fields so that we can view these fields in the out-
put.

When you have made your selection of fields, click the “Search interface” button, and a search
interface will be generated, shown on the following page. This interface looks much like the standard
search interface, but it will contain exactly the fields you selected. You can search on any of the fields,
and all fields included in the search interface will be listed in the output. You can also set the number of
search results you want to list per page.

The results page from the Advance Search looks similar to the results page from the Regular
Search, but with fewer options. You can sort on any of the fields, and download the sequences and/or the
background information. Note in the example shown, that including the “Problematic” field in the
search allows us to see that one of the sequences is a hypermutant.
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Advantages of advanced search interface:

* Advanced search allows additional types of searches not possible on the regular interface. As
one example, you could restrict your search to include only samples from non-drug-naive patients.

* You can search and view data from all available fields, including multiple fields that appear
under “Other Fields” in the regular interface.

* You can specifically select sequences that have a “null” value (no data) in specific fields.

Limitations of advanced search interface:

* The search output does not directly interface with TreeBuilder. To make a phylogenetic tree,
export your aligned sequences in FastA format, then use them as input in the TreeMaker tool.

* Options for searching for a specific genomic region are limited.

* Problematic sequences are not removed by default. You will not see any indication of which
sequences are problematic unless you include this field in your search.

Other differences from the standard search interface:

* Searches are limited to 10,000 results. If your search produces more than this, it will fail. Re-
strict your search to produce fewer results.

* To retrieve sequences from part of the genome, e.g., all vpu sequences, you need to find the
HXB2 coordinates for vpu (6062—-6310), and then search for HXB?2 start < 6062 and HXB2 end> 6310.
It is not possible to include sequence fragments smaller than that range.

* The advanced search interface is case-sensitive; it does distinguish between lower- and upper-
case letters. When searching on text fields, if you unexpectedly get no hits, try UPPERCASing and/or
adding an * to the search. Adding an * will turn the search into a case-insensitive wildcard search. Note
that the * will only expand in its own location, so if you want to search for a string in the middle of two
unknown other stings, use *string*.

* When you generate your customized search interface, all fields are pre-filled with “ANY”. This
will display what is entered in that field (even if blank), but will not restrict the search. If you remove the
word “ANY”, you will restrict the search to entries that have no data in the field (see next point).

Geography Search Interface

The Geography tool is another way to select sequences from the database. It can be used to find
the number of sequences of each genotype within any selected geographical region. The information
can be extracted as a graphic map, as a table of data, or as a list of specific sequences. The list of
sequences connects with the search interface to allow rapid retrieval and analysis of the sequences that
are displayed. This tool can be very useful to get a general idea of what genotypes have been found in
what countries, as well as the density of sampling in different regions of the world.

Data can be extracted for the whole world, for a region, or for any specific country. The regions
available to search are: Africa, Asia, Caribbean, Central America, Europe, Former USSR, Middle East,
North America, Oceania, South America, and Sub-Saharan Africa. Note that some of these regions are
overlapping, such as Africa and sub-Saharan Africa. A complete list of what countries are included
within each region is available (hiv.lanl.gov/content/hiv-db/HelpDocs/geo_regions.html).

Searches can be limited to either HIV-1 or HIV-2. Data can be extracted for the whole world, for
a region, or for any specific country. Search results include all sequences, regardless of their length or
location within the HIV genome. Search results exclude sequences for which the database lacks an
annotation of subtype or country, and sequences annotated as “problematic”.

Performing a search To run the search, select HIV-1 or HIV-2 and the desired geographic region.
Only 1 region or country may be selected for each search. Click “Show all”, “show non-recombinant”
or “show recombinant”. The resulting page displays a pie chart of the sequence subtypes in the region or
country of interest. From here you have the following options:

* View the pie chart. You can use the “save image” function of your browser to save this image as
a PNG file, if desired.

* Click on an individual country within a region to obtain the data from that country (this applies
only to searches of regions).
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* Click on “Table (html)” to go to a page with a table showing the number of sequences with each
subtype.

* Click on “Table (text)” to download a space-delimited text file of the subtype distribution data.
This text file can be opened in a spreadsheet program.

* Click on “get all” or click on any specific slice of the pie chart. These options take you to a list
of the sequence accession numbers. This list is in exactly the same as the list of sequences you would get
from the regular sequence Search Interface. From this list, you have many options: Make Tree, Down-
load Sequences, or Save Background Information. The options from this page are explained above in
detail in the explanation for the Regular Search Interface.

Examples of geography searches Perhaps the best way to understand the possibilities offered by
this interface is to look at some specific examples of hypothetical questions you could answer with this
tool.

1. What are some CRFs that commonly occur in sequences from Brazil? Select HIV-1/Brazil and
click the “Show recombinant sequences” button. The resulting pie chart shows just the CRF and other
recombinant sequences sampled in Brazil. To see what subtypes are represented in the “Other” cat-
egory, click the corresponding pie slice, and you will see them listed.
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2. What are the rarest HIV-1 sequence subtypes ever sampled in Sweden? This is a search that
would be difficult using the regular Search Interface, but easy here. Select HIV-1/Sweden and “Show
all”. In the resulting pie chart, click on the “Other” slice. The resulting list (see below) shows the
subtypes of the sequences that were too rare to display as separate pie slices.
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Limitations and additional details There is some redundancy in the information that can be
extracted by the Geography Search and the regular Search Interface. For example, if you want to extract
all subtype B HIV-1 sequences from Africa, you could use either interface. The main reason that you
may prefer to do the search using the Geography Search is to see a graphic presentation of all the
genotypes. The graphic output may provide some interesting insights that you would not notice in the
lists obtained from the sequence Search Interface. However, if the objective is only to extract sequences
of a single subtype, regardless of the geographic distribution of that subtype or the representation of that
subtype relative to others, then the regular Search Interface may be the better option.
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The results from this tool need to be interpreted with care: it is easy to overlook the sampling
biases that can distort the frequencies of sequences in the database relative to those in the population.
Do not draw conclusions about the epidemiology of HIV-1 from the subtype distribution presented
here. The data stored in the database are taken from publications in the literature, and in general, there is
no epidemiological framework - the database is just a listing of available sequences. Many studies focus
on rarer subtypes and recombinants, and this tends to cause overrepresentation of such sequences. Fur-
thermore, the distribution shown on the maps is based only on the country of sequence isolation, which
is not always the country of infection. While the results of this tool are not particularly helpful for
epidemiological purposes, one can still use the tool to get a sense of how intensively a region has been
studied and a rough indication of the subtype distributions.

The data generated by this search are only as good as the annotation of the sequences in the
database. There can be errors in the subtyping of sequences, so all results should be interpreted care-
fully. When examining rare subtypes, it may be worthwhile to verify the correct subtyping of specific
sequences. Furthermore, not all the sequences in the HIV sequence database have an assigned subtype.
At the time of this writing, approximately 15% of all sequences in the database have no annotation of
subtype. Sequences where the subtype field is blank are not reported in the output from this tool.

Small sample sizes can also be problem with this tool. In countries where there are few subtyped
sequences, one or a few studies (with whatever their objectives may have been) will determine the
output. This is particularly true for HIV-2, for which far fewer sequences are available than for HIV-1.

This tool lumps together sequences that are annotated with certain sub-subtypes. For example, the
sequences listed as subtype “A” from this tool include all sequences annotated as “A”, “A1”, or “A2”.
Sequences listed as subtype “F” from this tool include all sequences annotated as “F”, “F1”, or “F2”.
However, sub-subtypes that are part of recombinants are not lumped together. For example, “BF”,
“BF1”, and “BF2” are graphed separately.

III. IMMUNOLOGY DATABASE

The HIV immunology database provides resources for scientists working with immunological
responses to HIV. The database contains a wealth of curated information about HIV T-cell epitopes and
antibody binding sites. Currently the HIV immunology database contains 3818 cytotoxic T-cell (CTL)
epitope entries, 829 T-helper epitope entries, 1366 antibody entries, and a total of 1895 publications.
New entries are added and proofread continually, and existing ones are updated as needed.

The data included in HIV immunology database are extracted from published HIV immunology
literature. HIV-specific B-cell and T-cell responses are summarized and annotated. Immunological re-
sponses are divided into 3 sections of the database: CTL (CD8+), T helper (CD4+), and antibody (Ab).
Within these sections, defined epitopes are organized by protein and binding sites within each protein,
moving from left to right through the coding regions of the HIV genome. We include human responses
to natural HIV infections, as well as vaccine studies in humans and a range of animal models. Re-
sponses that are not specifically defined, such as responses to whole proteins or monoclonal antibody
responses to discontinuous epitopes, are summarized at the end of each protein sub-section. Studies
describing general human responses to HIV, but not to any specific protein, are included at the end of
each section.

The annotation of database entries includes information such as cross-reactivity, escape muta-
tions, antibody sequence, TCR usage, functional domains that overlap with an epitope, immune re-
sponse associations with rates of progression and therapy, and how specific epitopes were experimen-
tally defined. Basic information such as HLA specificities for T-cell epitopes, isotypes of monoclonal
antibodies, and epitope sequences are included whenever possible. In addition, the HIV immunology
database includes tables, maps, alignments of HIV-specific CTL, helper and antibody epitopes, anti-
body indices, and simple web-based tools with the goal of assisting immunologists in experimental
design and interpretation of their results.

An important distinction between the T-cell and antibody entries is that a single T-cell epitope can
have multiple entries; generally each entry represents a single publication. In contrast, each monoclonal
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antibody (MADb) has a single entry that includes all publications we could find that refer to the use of this
specific monoclonal antibody.

CTL (CD8+) and T-helper (CD4+) Searches

CTL (CD8+) and T-helper (CD4+) epitope database sections are organized identically and so are
described together here. It is important to note that although these are separate sections, the simple dis-
tinctions between CTL and helper T cells have become blurred as more is learned about the range of
responses triggered in CD4 and CDS positive T-cells. When adding the most recent studies, we have tried
to place T-cell responses in a reasonable manner into our traditional T-helper and CTL sections, and to
specify the assay used to measure the response in each study.

The following is a list of fields and links in T-cell epitope entries:

Record number A unique number assigned by the database, in approximate order of entry. This
number should be cited if you send us comments or questions about an entry.

HXB2 Location The position of the defined epitope location is given relative to the protein se-
quence of HXB2. Because of HIV-1 variation, the epitope may not actually be present in HXB2, rather
the position in HXB2 indicates the position aligned to the epitope. The viral strain HXB2 (GenBank
Accession Number K03455) is used as a reference strain throughout the database. HXB2 was selected as
the reference strain because so many studies use HXB2, and because crystal structures for HXB2 proteins
are available. The precise positions of any epitope relative to the HXB2 reference strain can be readily
obtained using the interactive position locator at our web site: http://hiv-web.lanl.gov/content/hiv-db/
LOCATE/locate.html

Author Location The amino acid positions of the epitope boundaries relative to the reference se-
quence are listed, as given in the primary publication. Frequently, these positions are imprecise or are
based on a non-HXB2 strain. Thus, these locations do not always match the HXB2 numbering of the
sequence, but they provide a reasonable guide to the peptide’s approximate location in the protein.

Subtype The subtype under study; generally not specified for B subtype.

Epitope Sequence The amino acid sequence of the epitope of interest as defined in the reference,
based on the reference strain used in the study defining the epitope. On occasions when only the position
numbers and not the actual peptide sequence was specified in the original publication, we try to fill in the
peptide sequence based on the position numbers and reference strain. If the sequences were numbered
inaccurately by the primary authors, or if we made a mistake in this process, we may misrepresent the
epitope sequence. Because of this uncertainty, epitopes that were not explicitly written in the primary
publication are followed by a question mark in the table.

Epitope Name The epitope’s name if attributed by the publication, e.g., “SL9”.

Species (MHC/HLA) The species responding (e.g., chimpanzee, mouse), and MHC or HLA speci-
ficity of the epitope, as described in the primary publication (e.g., A*0201).

Immunogen The antigenic stimulus that generated the initial immune response, e.g., HIV infection
or vaccine. If a vaccine stimulated the response, additional fields are available that describe the vaccine.

Vaccine type The vaccine construct and boost.

Vaccine strain The strain of HIV or SHIV used for the antigen.

Vaccine component The HIV protein (complete or partial) included in the vaccine.

Adjuvant Stimulatory agent sometimes included in a vaccine formulation to enhance or modify the
immune-stimulating properties of a vaccine.

Country The country from which the samples were obtained; generally not specified if the study
was conducted in the United States.

Experimental methods The methods used by the authors to test the immune response (for example
T-cell Elispot, intracellular cytokine staining, etc.).

Keywords A searchable field for the web interface to help identify entries of particular interest.

Notes Brief descriptions of what was learned about the T-cell response from the study. Examples of
the kinds of things included: correlation with survival in longitudinal studies, immune escape, quantita-
tive features of the response, subtype cross-reactivity, etc.

Reference The primary reference linked to PubMed.
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The CTL and T-helper search interfaces, shown below, allow you to search using the following
fields: HIV protein (separately for defined and undefined epitopes), epitope sequence, subtype, immu-
nogen, vaccine details, species, MHC/HLA, author (any one author from primary publication), country,
and keywords.
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Antibody Search

The antibody database summarizes HIV-specific antibodies (Abs) arranged sequentially accord-
ing to the location of their binding domain. Monoclonal antibodies (Mabs) that do not bind to defined
linear peptides are grouped by category at the end of each protein. Antibody categories (e.g., CD4
binding site (CD4BS) antibodies) are also noted in an index in the compendium. Studies of polyclonal
Ab responses are also included. Responses that are just characterized by binding to a protein, with no
known specific binding site, are listed at the end of each protein section in the compendium.

Each MAD or polyclonal response has a multipart basic entry that includes all publications that
refer to the use of that specific Ab. Most of the fields are similar to the corresponding fields for T-cell
epitopes, such as record number, HXB2 location of the binding site, author location, epitope sequence,
and immunogen (the antigenic stimulus of the original B-cell response). The fields that differ or are
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specific to antibody entries include the following.

MAD ID The name of the monoclonal antibody with synonyms in parentheses. MAbs often have
several names. For example, punctuation can be lost and names are often shortened (M-70 in one paper
can be M70 in another). Polyclonal responses are listed as “polyclonal” in this field.

Neutralizing L: neutralizes lab strains. P: neutralizes at least some primary isolates. no: does not
neutralize. No information in this field means that neutralization was either not discussed or unresolved
in the primary publications referring to the MAD.

Species(Isotype) The host that the antibody was generated in, and the isotype of the antibody.

Donor Information about who produced the Ab, where to obtain it, and to whom to provide credit.

References All publications that we could find that refer to the use of a specific Ab.

Notes Describe the context of each study and what was learned about the antibody.

The antibody search interface, shown below, allows you to search using the following fields: HIV
protein (separately for defined and undefined epitopes), epitope sequence, subtype, immunogen, vac-
cine details, species, MAb ID, author (any one author from primary publication), Ab type, country, and

keywords.
-
HIV Immunology Antibody Search
Proteins with Proteins with
defined epitopes undefined epitopes
: - ALL - - ALL -
HIV Protein s m T2
pl7-p24 - GCag -
p24 - RT '
p24-p2p7plpe ¥ Integrase ¥
Epitope
MADb ID (List by name) (List by type)
Subtype - ALL - |+
- ALL -
anti-idiotype m
autoimmune disease
Immunogen HIV-1 exposed seronegative

HIV-1 infection
in vitro stimulation or selection | *

SHIV infection v
If Immunogen is Vaccine, additional search details

Vaccine type - ALL - -]
Vaccine details| Vaccine strain = ALL - I :]

WVaccine component - aLL - = !

Adjuvant "o ALL - = ]

- ALL -

C-domain m

C-HR
Ab Typc C-term

Enwv oligomer
flap region
gplZ20 adjacent to CD4BS

Species - ALL - ]
- ALL -
lga m
lgAl
Iso IgA2
ype lgA22a |
IgE "
laG
| P2 i
Author ) First [ Last
Country - ALL - =
- ALL -
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Keywords adjuvant comparison

anti-idiotype
antibody binding site definition and exposure
antibody generation i
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IV. VACCINE TRIALS DATABASE

The HIV/SIV Vaccine Trials Database (www.hiv.lanl.gov/content/vaccine/home.html) contains
data on studies of HIV/SIV vaccine trials in nonhuman primates. This database is a tool for compilation,
search, and comparison of published studies. We use a set of criteria to scan PubMed for relevant studies
to enter into the database. In selecting studies for entry, priority is given to recently published studies in
journals generally regarded as the primary source of information pertaining to HIV and SIV vaccine
research in nonhuman primates. In most cases, we give priority to challenge studies, where the animals
received a live virus to measure the ‘efficacy’ of the immunogen(s) inoculated during the course of the
investigation.

Prior to the development of this database, Dr. Jon Warren at the EMMES Corporation had main-
tained a similar database, though organized differently, and with different data fields and somewhat
different nomenclature. The studies in that database include many published through 1999 and can be
accessed in the current Los Alamos Vaccine Trials Database. All of the search criteria on the search form
apply to the studies entered at Los Alamos (referred to as the “Current Database”), and most criteria
apply to the data collected by Jon Warren (referred to as the “Previous Database™).

The vaccine trials database can be searched in 2 ways, via a conventional search form, and via a
cross-table form. In addition, there is a separate search tool to access a database of vaccine adjuvants.

Search Form

The conventional search form allows you to select trials according to the combined values of 14
separate criteria such as vaccine type, vaccine route, challenge strain, etc. The matching trials can then
be displayed in various formats, and detailed information about the trial, such as details on the sub-
stances and groups used, are also available. To display all available results, be sure to click “View Trials
in Previous Database”.
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Cross-Table Form

The cross-table form provides a unique way to explore trial data by presenting counts and results
(number of case animals protected from infection and total number of case animals) by the relationship
of two selected values displayed in a matrix, for example vaccine type by year.

NOMHUMAN PRIMATE HIWSIV VACCINE TRIALS DATABASE
iwork in progrees)

Cross-Table Form

Riow Sedaction; | vacome Type -
Column Sedaction; | Year of Peblcation -
St |

The results will show how many trials were done for each vaccine type in each year. Clicking on
the number in the matrix takes you to a list of those trials that compose a result cell.

Vaccine Type x Year of Publication

SES0T §3T
Vaccine Type 1967 1886 1983 1090 1981 1092 1983 1994 1985 1096 [1997 1096 1909 2000 2001 2002 2003
CallTisswe ¢|o|efe|a|0fe|o|c|p0|e o |0 0|02
2 12 |13 |13 | 12
oA ¢ (o (1o (2 0|0 |0 |a|D |2 | b |4 |32 12 332
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Purilied Virsl Praduets g [o |1 o (o|2|o|D0 |0 |0 |2 |0 |42 |3 |4 |3

Ben | | e | oo
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; ; i 2 1 4 4 2 5 5
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i i 2 ] ] iG | 14 | 1T
Racombinant Veclor (virssbaceda) | 0 o a i} 1 2 a i} a 1 2 T Tl el el

r 1 2 4 1
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Like the search form, this search directly retrieves only sequences in the “Current” database; the
number presented in each cell of the table represents only the studies in the current database. In order to
view entries from both the current and previous databases, click the number in the cell. Even if the
number in the cell is 0, you may still find some relevant studies by clicking the cell and going to the
“View Trials in Previous Database” link.
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Adjuvant/Stimulant Search

The vaccine database also contains a database of adjuvants used in vaccine trials. To access this
information, select the “Adjuvants/Stimulants” link from the main menu. Links from the resulting table
take you to details about the structure, properties, uses, and references for each substance. The example
below shows some of the information given for the adjuvant alum.

Adjuvant | Stimulant: Alum

Cifsar Names Abydroged; Aluminum ydrosde ged,

Sfrauciure Crystaling abminum ceyirydroeade AE0H, known minaralogicaky as bastmite. The siructura
congists of comugated shests of aminum actahadra

% ';:,; 1‘ {_\.-4. '__‘-:."' .
B T
Lt D T ®

A N AN
e bt b

Adiaian Propedies Ahyroge is the standard preparations for immuncicgical rmseanch an aluminum rpdrodde gels
The usa of alurinum aduwants is sccampeaniad by stmukation of L-4 and stimdaion of de
T-halper-2 subsats in mica, wath anharcad Ig1 and BE productian. Furthar immunamacdu] abion is
accomplishesd by the aluminum content. Propaties are desoribad in
+Shiradkar. 5., et al,, 19390, Auminum compounds used e adjuvant invaccines, Pharin. Res. 7
1782 1586
+ Stewart-Tul, 0. E. 5., 1980, Racommandations for tha essassmant of aduvanis
fimrnunormedulatees )y, inc Immunological Adpants and Vaooines [Eregoriadis, ., Alkson, &.C.,
and Posta. G, eds.), PlanumPrass, Mee York, pp. 2132226
» Gpta, R, et al. Chapbar 3, this walume. 3
+Seabar, 5, etal, 193 1, Pradcing the adsamtion of protains by sluminum-containing aduyvents,
Waocing B 201-203
+Seabar, 5 0, stal, 193 1, Sclubilization of aluminum-containing aduvents by constituents of
inbarsgoal Auid. J. Pareniaral S, Tech, 4% 156-153
+Hem, 5., and White, J. L., Chapter 9, this volums
« Lindbiad, E. E. Alminum adiuvanis, in: The Thaory and Practica Applicatian of Aduvans,
chaptar 2, [Stewart-Tull, ed.), Wik & Sans, hhaw York, b [1565]

Sawree Chtaned by precipitation of duminum mydiodde onder dkaine condiions
{fsee Human applications: diphtheria, etanus, and perussis vaccines . Wetennan vaccine applcations
Appasrance: White gelalinous precipitale in SquUeaus SuspEnsion
tclacielar Weigisd Mot appleable
Hecammencad Sfovege. -25°C. Meser expase to freezing. Recammended 2 year shal lite
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comtaining citrate iang. Mama partide Size range 0.5-1 Opim
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SgRalaTowke: May casa mildiocal reachons at the site of injection [arythemers and! ar mikd fransient swelings)

V. HIV DRUG RESISTANCE DATABASE

The Los Alamos HIV Drug Resistance Database (http://resdb.lanl.gov) contains two pages from
which searches can be made for mutations known from the literature to confer resistance to a variety of
antiretroviral drugs. This database is updated annually with input provided by Dr. John Mellors and his
staff at the University of Pittsburgh.
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Simple search

On the simple search page, the searchable fields include gene, compound, drug class, and amino
acid position. In the example shown here, the user is searching for mutations in all genes and at any
positions associated with compounds that contain the “word” PNU.

=im [:lv search

Gene: | &0 Ganpe- # | (Chck n b ot lefi o select)
Compound | contsins FHU
Corug Class: | = &0 Cinagg s s - w | (Chick m bow atlef 1o select)
b Postion | contsins w Entar mumber or rangs of mamkans be 5678
Siad Gearch Meore Search Cptinn: Eedstance D Home Fags

This search produces the results page illustrated below.

Eecords 1 through 10 2f 17 records in database

Crene Thmg Clasx 1. egnpeamd Ah hletanen Codon Duntsfion Cite
[Chek: e

detads)

HIV-1 Frotease intubitor FHTI-T40680 (Apraravir] LIOF TICHTIE Davenlld
Eroizase

HIV-1 Frotzase inhikitor FHTI-TA068 0 [(Apraravir] 113w ATA > GTA  Devenlld
Eroizase

HIV-1 Frofease inbobitor FHT- 140690 [Hpraravir] w3zl Gra-» ATA  Davenlld
Erozase

HIWV-1 Frotease mhbilor FHETT-14069 10 [aporaravir] L3F TTa->TIT  Doyenl3
Erofease

HIv-1 Frofease mivbor FH1I- 140690 [hpraravir] M 3] ATG > A4TA  Doypenll3
Erozase

HIw-1 Frofease mivbibor FH1I-140690 (hpraravir] B 451 Ahh > ATH  Doyonlld
Erozase

HIV-1 Frotease intubitor FHTI-T40680 (Apraravir] I3 ATC>GTE Davenlld
Eroizase

HIV-1 Frotzase inhikitor FHTI-TA068 0 [(Apraravir] ATIVW J0T =TT Dewenlld
Erozase

HIV-1 Frofease inbobitor FHT- 140690 [Hpraravir] wEzZL FIC.A0TE Dowenlld
Erufeace

HIv-1 Frofease mivbor FH1I- 140690 [hpraravir] T8 ATh > OTA  Doyenlll
Erofease

e B e

A tabular output shows several basic fields for 10 of the 16 mutations for the compound PNU-
140690 (tipranavir). To see the next 6 records, press the Forward button. To see more detailed informa-
tion about any particular mutation, click on the blue link in the first column “HIV-1 Protease”, which
takes you to the “record detail” layout shown on the next page.
All information in the database about this mutation is displayed in this view. There is a link to the
PubMed entry for the citation associated with this mutation.
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Gene: HIV-1 Protease DrugClass: Protease inhibitor
Compound: PINU-140690 (tipranavir} Synonyms: PITU-140630, tipranavir, 1T-140650
Aahutation: L 10 F Codon mutation: COTC -= TTC
In Vitra: ¥ In Vivo:? Selected or CrossResist: Selected

Comment. After 73 passages 9 other mutations accumulated to give 87 fold resistance to tipranavir

L. Doyor, 3. Tremblay, L. Bourgon, B Wardrop, MG Cordingley
SBelection and characterization of HIV-1 showing reduced susceptibility to the non-peptidic protease inbibitor tipranasvir

Antrvival Res 68(1): 27-35 (2005) Medline link: 16122817

7
Press the Back button i vour browser to return to table wew, or m

Advanced search

The advanced search page gives you a much wider range of fields on which to search. The illus-
tration below shows a search for protease mutations whose author list contains the name “Condra”.
(Fourteen records are found.) The layout and information presented on the results pages for the ad-
vanced search are identical to those in the simple search.

Advanced search

G | HW Prikesrsa = I Wity
Dugliass: | -l Diug Classas- ~ In Wi
Compomd: | conmine ™ Cife:
Ah Peaibien Enber momber, or range, eg. 56,78 N3 BT

Widd Tope A4 | -No Sakcion- [+ anthors | Condm
Mufent A4 | - Ho Sakcian- [+ [
Wikd Type Cedon: | copnk ~ Jomerat
Mutant Ceden: | eopak ks pub veor

Connect pearsh themns wiily uB. A Bort by A&Position b sscandng [

| E3an Ecemnch | | Sheow ) Feconds | | Fecsat i fom

ADRA

ADRA, the Antiretroviral Drug Resistance Analysis site (http://www.hiv.lanl.gov/content/hiv-db/
ADRA/adra2.html), can be considered both a method of sequence analysis and a search tool. Given a
query sequence as input, ADRA scans the sequence to identify the presence of mutations known to
confer resistance to antiretroviral drugs. ADRA includes both drugs of clinical significance and com-
pounds that are not clinically validated.

Input ADRA requires a query sequence, either pasted in, or uploaded from a file. The user should
specify whether this query is nucleotide or protein, and should select a reference sequence against
which to compare the query.
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Output
Mutation table ADRA produces a table, reproduced in part below, of mutations found in the query
sequence ordered by amino acid position.

text e

vWwxyz_Tframel

56 - 479

‘ Protease, RT

* indicate= amine acid position

®* Tabhle of mutations potentially conferring resistanceiceclative to HXEZr)

ME-5393
Protesse | L10I CTC f ATC D D [L-735,524, wienw
indinswir]

Fo 31-5050
Protesse| L1OI | cre / arc D D S view
[Sagquinavir) —

ABT-5385
Protease | EKIOR ARG S RAR LD D . ] Fiew
[Eitonavir) —_—

ME-539
Protease | KZO0R AAG [ BAA D Ro-31-8959 (3): [L-735,524, wiew
indinawir)

AET-538
Protease| M36I ATG [/ T2 D D . . view
[Eitonavir) —

A1343
Protease | MN3o6l ATG / ATA LD D . . Fiew
[nelfinawvir) —_—

Fo 31-5050
Protease| IS4V | ara / ora D D S view
[Sagquinavir) —

ABT-5385
Protease I54V ATC / GTC LD D i ) Fiew
[Eitonavir) —_—

ME-539
Protease 154V ATC f GTC D D [L-735,524, wienw
indinawir)

The columns are self-explanatory. The last column labeled “record” provides a hyperlink to each
mutation’s detailed record in the resistance database. Clicking on the view link for the first mutation (L
10 I) brings up a view of this record.

Gene: HI'V-1 Protease DrugClass: Proweass Inhibitor
Compourd: ME-639 {indinavir) Synenvos: ME -39, inditavir, crinivan, L.735,.524
Adauaion: L 10T Cosdon matation: TTC = ATC
In wiro! W IE Wivody Safutead o CreasResal SEhagiad
T}

Cordm IH, Holder Bl Scblesd Wi, Blaky 00, Denovick R, Qabrpelaki L, Crsham B, Lend Dy Quictom 10, Bkodes 4, Robhics HL, Roik E,
Ehiveprikeah M, Yang T, Chodabewitz I Dearsh PJ, Leavio BY, Masan FE, Mellos W, Byeiees KE, Boeigbigel BT, Teppler H, Endind EA

Cenzii: corelaies of 1e vives virsd mesiacce o iedicarvin, o hemen immueodeSoeney viras type | protesss inkshiior

T Vimpd PRLT B2TOG (1950 ) Medling Hnk: S970646
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Summary statement Following the table of mutations is a compilation of drugs or drug combina-
tions to which the query sequence may possess a degree of resistance (shown at the top of the figure
below).

Bear in mind it is inappropriate to use these results in clinical decisions about antiretroviral therapy.
Only a minority of entries in the table have been clinically validated. This tool merely provides a sum-
mary of links between mutations and drugs defined in the literature.

Alignment Finally, an alignment of the user’s query to the reference protein is presented. Muta-
tions are indicated by asterisks (*).

Thix sequence may ke asveciabed with a degree of resivtance io Beese dngr sy dag combinabess: Nelinaan 310
lamwarvmdapee §; BO-5T15L (HdOTC L-FddO DG BLS 186 318, HBY 0907, SEFI0SF22. A-7700%; Trevmdme. ddl’
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BILA 16 B BILA 1185 BR: DIE-63% {L-T35 514 welmonar); Fa 3-8050 (saquinavick: 150TU8S XE[323: ART-538
imtonavik. PR DRP 366 (L- 743, 7260 La07 661 ALY pelinavik. BILA 1011 (palmacw); ¢ -FTC:

SRLIGHMENT

F dalinemtss the Frotemss gens ceEgion
R dalinastss the AT genme cegion
I delinemitss ths Intsgreas gens cegion
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IETEY FRE w . w a
ECNZe FRE FFF 11X L O ] 11 1 E 1 £ ¢ B X E 1 BT W 11
METANTI w L L L
¥ F F F F

NVIFY FIT  TTACTRECALETALE CCTELDAALNLANIT CEAACARATCETEArE ALePAANITEECTEL ALETTARBFTTTECE
[

NEEEY FER |
FEEc FEE 1L ¥ £ F T F ¥ OF 1 1 & R ¥ L L T W1 EE TLE¥ELDEF i
L g ] & & &
Fe=F==F==F==F= ~F-=F Fe=h-
NVEFY FIT  AFTRECcCTAFTCAA ACTCnAlCACTaddd TTARAACECRCCANTE CATCCLCUARAACTT AAALAALECCEATTE
NEEEY FER
FEHEC FER 1 8 F 1% T % F % X L EF & ¥ & F EF E i@ B F 1L EF
L g ]

AVLEY Y RORCRACHEARARAl R RRACUATTAACACAR ALTTErRIACARALE CRRRACCARECCHnn PITTCRARRRATT CEE
NEEEY FER 1
FEHEc FER T I I K1 EKE &3 ¥FI 1CG¢LTIdHA I EITGEE 118 E1€¢E Lk
Loidid) &
R e R R e it R i R e e o RE b

IECEY WU CETHANAFTECAT AT AFTALTCCANTETTT BOCEAT ARANAARAAA WAL ANT ALT AAAT I ANAAAANT ANT ABAT
IETEY FEE w 4

ECNZe FRE ¥F T ¥ F T T T ¥ W r A 1 ¥ K X I I T E W L X 1L W & bl
METANTD - -
. " B -R-- - =B==E -R-

AAAARFAITCAANEL TTTTHRNAANTTCAL TTANNASTACCACAT CCCHCANBNTTAAAS

E E T § "B F WI W § L B 1 TF X F A B 1L X ELE

IECEY WU FANGRFASAFTEANT A FEANTALTARETITE HEMRETREATTTTTT TEANTTECATTANET BEAAgarTTEARNAAE

r r
EF E 3 ¥ T ¥ L @3 % B3 AYF 3 % F 1L 3 T 8 FEE aan
Bl Bl




58

Mutations in Retroviral Genes Associated with
Drug Resistance

Shauna A. Clark," Charles Calef,> and John W. Mellors'

Y University of Pittsburgh, Scaife Hall, Suite 818, 3550 Terrace St., Pittsburgh, PA 15261
2 T10, MS K710, Los Alamos National Laboratory, Los Alamos, NM 87545

Introduction

Drug resistance is the inevitable consequence of incomplete suppression of HIV replication. The
rapid replication rate of HIV and its inherent genetic variation have led to the identification of many
HIV variants that exhibit altered drug susceptibility. The growing number of drug resistance mutations
listed in this revised table stands as a testimony to the genetic flexibility of HIV. This table, updated in
February 2007, lists 947 HIV-1 mutation/drug combinations, of which 37 occur in Gag (including this
year, 3 in capsid and 3 in SP-1), 321 in Protease, 9 in Integrase, 374 in RT, and 206 in Env. Although the
tables are quite comprehensive, the reader should be reminded that the HIV-1 mutations described are
predominantly found in clade B virus and not in other HIV genotypes. Thirty-one mutations in HIV-2
RT and 27 in HIV-2 Protease are listed in the table. In addition, 2 mutations in SIV RT are listed.

The column “Selected or Cross-R” describes how the mutations have been identified. “Selected”
refers specifically to mutations identified by in vitro passage of virus in increasing concentrations of
a compound, or by sequencing isolates from patients on a specific drug therapy. “Cross-R” (cross-
resistance) means that virus with a mutation has been shown to have decreased susceptibility to a
compound even though selection of the mutation by the compound has not been reported. The “in
vitro” column has a “Y” (for yes) when resistance or cross-resistance to the compound is seen using
cloned virus or in cell culture studies; the “in vivo” column has a “Y” (for yes) when resistance or
cross-resistance to the compound is seen in patients.

In the “Amino Acid Change” column a + means amino acids have been inserted into the se-
quence, while a A indicates a deletion. In the “Drug Class” column, “NRTI” refers to nucleoside or
nucleotide reverse transcriptase inhibitors, while non-nucleoside or HIV-1 specific RT inhibitors are
called “NNRTI.” The abbreviation MN stands for “Multiple Nucleoside” and refers to resistance to
combinations of NRTIs. “MDR” or multi-drug resistant is noted in the “Compound” column if a muta-
tion causes resistance to multiple compounds. Other abbreviations are listed in a separate Abbreviations
Table on page 137. All of the information contained in these printed tables and other useful tools are
available at our Web site: http://resdb.lanl.gov/Resist_ DB.

The authors gratefully acknowledge their colleagues for assistance in assembling this table. This
work was supported in part by Los Alamos National Laboratory.

Contents

HIV-1Gag . . . . . . . ... .. ... ...5
HIV-1Capsid . . . . . . . . . ... .. ...6l
HIV-1SP-1 . . . . . . . . . . .. ... ...62
HIV-1 Protease . . . . . . . . . . . . ... .63
HIV-2 Protease . . . . . . . . . . . . . .. .89
HIV-IRT . . . . . . . . . . . . ... ...9
HIV2RT. . . . . . . . . .. .. .. ... 111
SIVRT . . . ... ... ... ... ... 114
HIV-1 Integrase . . . . . . . . . . . . . . . 115
HIV-1 Envelope . . . . . . . . . . . . . . . 116
Table of Abbreviations . . . . . . . . . . . . 137
Table of Compounds . . . . . . . . . . . . . 137

References . . . . . . . . . . . . . . . . . 143



SMaIASY

o)
wn

Drug Resistance Mutations in HIV-1 Gag

ToeseUEIRD 2 A Pa139[98 (unersouky) TLT-INM 103qIyuy 9se9101d Alev vV
ToeseuERD 2 A Pa139[38 £00¥6-D11 103qIyuy 9ses10ld acivo
zoedeueien A A REIREIEIN (maeuardwe) g/ 4-XA I0}IQIYU] 9582)0I] S 607 A
zoeseueRD 2 A Pa139[38 £00¥6-D1 103qIyuy sses10ld 60V A
zoeseueeD 2 A Pa139[38 (unesouly) gLg-INM 103qIyuy sse910ld 60V A
zoeseueen 2 A Pa139[38 Lylcdrl 103qIyuy sses10ld M 607 ¥
zoedeueien A A Pa199[es (maeuarduwre) g/4-X A I0YIQIYU] 9582)0Id d 06 A
zoeseueen 2 A PR199[eS Lylcdr 103qIyuy ssea10ld V 06€ A
Toeseueen 2 A PR199[eS (unesouly) gLg-INM 103qIyuy sses10ld S I8¢ D
zoeseueien A A Pa199[es (maeuardure) g/ 4-X A I0JIQIYU] 9582)0I1d O 6ICH
Toeseueen & A Pa139[38 £0076-D10N 103qIyuy asea10ld O 6ITH
zoeseueen & A Pa139[3§ (unesouly) gLg-INM 103qIyuy asea10ld O 6ITH
zoeseueen & A Pa139[38 Lylcdrl 10)qIyuy asea10ld O 6ITH
Toeseueen & A Pa1o9[3§ €00¥6-DIN 10)qIyuy asea10ld H 661 O
zoeSeueen 2 A Pa139[3§ €00¥6-D10 10)qIyuy asea10ld H4¢Cl D
zoeSeueen & A Pa139[3§ (unesouly) gLT-INM 10)qIyuy 9sea10ld ERYAR]
zoeSeueien A A Pa109[es (mmaeuarduwre) g/ 4-XA IOYIQIYUT 9Seaj0Iq dSL T
zoeSeueen 2 A Pa139[3§ £00¥6-DI1 10)qIyuy 9ses10ld A 0r 4
zoeseueen 2 A Pa139[3§ (unesouly) gLT-INM 10)qIyuy 9ses10ld 0oy °3
zoesSeueien A X IR EIN (mmaeuardwe) g/ 4-XA IOJIQIYUT 9S8a)0I] IS¢ A
zoeSeueien 2 A Pa199[9§ (uneisouky) ZLT-INM 10)IqIyu] 9sealold IS¢ A
zoesSeueien A X BRI EIN (mmaeuardwe) g/ 4-XA IOYIQIYUT 9S89J0I] S a
zoeSeueien 2 A Pa199[28 €00¥6-D1N 10)IqIyuy 9sealold DI 4ct
sjoy SJUOWIWIO))  OAIA  ONIA  Y-SSOID IO punodwo) sse|) a3uey) a3uey)
ug uf REIREIEIN Sniq uopo)  PpIOYy ourury

3en [-ATH



HIV-1 Gag

g
172}
=
S
N
<
N
=
ot zoedeueien A A REIREIEIN (maeuardwe) g/ 4-XA I0JIQIYU] 9582)0I] 3 89t 9
m ToeseUEIRD 2 A Pa139[e8 £00¥6-D1N 103qIyuy 9se910ld 89 H
m zoedeueren A A REIREIEIN (maeuarduwe) g/ 4-XA I0}IQIYU] 9582)0I] d6¥y 1
)
& zoeseueRD 2 A Pa139[38 £00¥6-D1 103qIyuy sse910ld d 6vv 1
uoma zoeseueeD 2 A Pa139[38 Lylcdrl 103qIyuy sse910ld d 6vv 1
a s adeAar9[d [d/ON oy) ur
QIoM suoneInW Jey) pamoys Jurouenbog -oud3
LOSIYfIN aseajord oY) Ut 2OUBISISAI 199[3S JOU PIP Id SIYL, A Pa139[e8 6V91—-€££00d 103qIyuy ase910ld A Lev 1
s afeAae9[o [d/ON ay) ur
QIoM suoneInw Jey) pamoys Jurouenbog -oud3
LOSTIYlIN 9sea)0Id o) UT IUEISISAI 19[S 10U PIP [d SIYL, A Pa139[o8 6Y91—-€££00d 1o3qryuy 9ses10ld LLev ]
*9)1s a3eAeod [d/ON oyl ur
QIoMm suoneInw Jey) pamoys Jurouenbog -oudl
LOsmyfiN asea)oId oY) UT dUEISISAI 19[S 10U PIP [d SIYL, A Pa139[o8 6¥91—-€€00d 1oyqIyuy 9ses10ld q9¢r A
w sjoy SJUOWIWIO))  OAIA  ONIA  Y-SSOID IO punodwo) sse|) a3uey) a3uey)
ug uf REIREIEIN Sniq uopo)  PpIOYy ourury

SMaIASY

3en [-ATH



SMaIASY

—
o

Drug Resistance Mutations in HIV-1 Capsid (Gag, p24)

9QuUOSWEpPY prsdes jo snuruiia) O 9y) Jedu punoy suoneINA A REIREIEIN (ewitiiaeg) LSH-vd JI0)IQIYUT UOTIRINIBIA] W 1€2 1

9QUOSWEpPY prsdes jo snuruiia) O 9y) Jedu punoy suoneINA A REIREIEIN (ewiniaeg) LSy-vd JI0)IQIYUI UOTIRINIBIA] 1€ 1

9QUOSWEPY prsdes jo snuruiia) O 9y) Jedu punoj suoneINA A REIREIEIN (ewitiaeg) LSH-vd JI0)IQIYUI UOTIRINIBIA] X 9ZC H
SEN SJUWIWIOD)  OAIA  OIA  Y-SSOID) Io punodwo) sse[D a8uey) a8uey)

ug uy RIBEIEIN Snig uopo) PRV ounuy

VO I-AIH



Drug Resistance Mutations in HIV-1 SP-1 (Gag, spacer-1, p2)

62

SMaIASY

gQuoswepy opnded [-d§ ur punoy suoneinjy A Pajd9[eS (rewtasg) LSH-vd Jojqiyur uoneImeN AEV

gQuoswepy opnded [-d§ ur punoy suoneinjy A P39S (rewtnasg) LSh-vd Jojqiyur uoneImeN Lev

gQuoswepy apndad [-d§ ur punoy suonEINA A Pajd9[eS (rewLasg) LSh-vd Jojqiyur uoneImeN ATV
SEN SJUWIWIOD)  OAIA  OIA  Y-SSOID) Io punodwo) sse[D a8uey) a8uey)

ug uy RIBEIEIN Snig uopo) PRV ounuy

1dS T-AIH



e
o

HIV-1 Protease

ions in

Drug Resistance Mutat!

9695poH

003uon

96uU0K0(T ‘LENEN0ID

860I11ED

662INWIYSOX

€00

10§dway ‘geoHIe)

voueldey ‘v60H
S6RTEPSIL ‘v60H

SOOI

K1oyesuadwod Ajqeqoid

"PI0J-96 ‘N68T/AVSI/IOPIN/ITEA
"PIOJ-€6 ‘S88N/ATLV/IE9 T/ TOSIA'AOI'T "PIOJ
-€81 “S8N/APSI/ATLV/IOPIN/AEE T/ TCEA
"(,zd e (LLD 01 1DD) A OV V “ £d

1’ (DDD 01 HYD) Y 01 O) s oFearad 1dyrd
*(,1d ¥ LLL 0} LID) o 01 7T) 2Ms a8eaea]d od
/1d :suoneinw SeH pIJeIOOSSE YIM P[OJ-00S‘T
AVSUATLYINYSTALYIIOPIN/ICE A/IETT/A0T T

A6OH/HOID/V LY AIALYIITEA

/ST6L/I9PIN/HOTT/AFSI snia L] d3essed
P91091as-11ARUIdO] YIIM USIS QOUBSISAI P[OJ-]T

(APSI/ALYI/IONIN/AOT T
STITA PI)O[3S-L T Z-H[ 01 JURISISAI P[OJ-6

"H8SO ‘ALYI ‘ICEA ‘I9VIN £Q Pamof[o}

pue A8 1o)e ‘g a8essed ur ‘oouanbas ur puo
-00s s1eaddy ‘1:G JO UONRI INABUOII/AJT ®
Jo oouasaxd ur S[[0 H LA Ul ¢—INd Jo a5es
-sed ur suoneINUW Jo uonB[MWNOIE [enuanbog

(P10J-0¥<) 1£Sd “(P103-0T<) Y/INOT
‘(PIOF-0T—F) #8 “IL ‘€9 ‘01 ‘S ‘¢8 suonisod je
suoneInw £q paonpar sem AJIqndadsns ‘OAIA
u] “(uonenuw 1s-a8eARIO (/4 01 T/4) 9d
/1d pue uonenw 9)1s-03eAea[d (J/NA 01 A
INV) 1d/2d o souasad up) p[oj €€ ‘X69H
[A9TD/V LY AIALYITCEA/ST6L/I9YIN/JO0T T
/APSI :snIia /] oessed PIOF 9t ALVI/ICEA
/STOL/I9YIN/AOTT/AY8I PIOJ CI -ST6L/I9YIN
/AOTT/AYSI PIOJ ¥ ‘IO IN/AOTT/A¥SI ‘0ntA Ul
JNOIOTW ()T Je

S[[99 PAJodJUI A[[EOTUOIYD Ul PAJOJ[AS ‘Jueinul
O8Y Jo Aousyedwos uonesrdar saroxdwir 194N

PI0J-0C -A8YD/I9VIN/A8Y

RRIBEIEIN

BRI

REIBEIEN

A-sso1)

d-ss01D)

BRI

Pad9[s

[RRIBEIEIN
[RRIBEIEIN

REIBEIEN

oSy JNA

(11aeURZEIR)
Ce9TeC-SING

Sd ¢81¢ vIIid

(1aeUONT) 8EC- LAV

(1arUOIL) 8EC-LAV

(1aeUONT) BEC-LAV
+ (qaeurdo)) §/¢-1.9V

(a1aeurdoy) g/¢-1.9V

€00LL"Y

€00LL"Y

(I1ABUOILT) QEG-LAV

+ (aaeurdoy) gL¢-19V

J10)1qIyU] 2589101

J10)1qIyU] 2589101

J10)1qIyU] 958101

J10}1qIYU] 25B}01J

J10)1qIyU] 2589101

10)1qIyU] 2589101

10)1qIyU] 2582101

10)1qIyU] 2589101

10)1qIyU] 2582101

10)1qIYUI ASBJOI]

JOLL«—DI1D

JOLL«—DI1D

JOLL«—DI1D

JOLL«—DI1D

JOLL+—DI1D

JOLL«—DI1D

OLL+—DI1D

VVO«—VDD
VVV+VDD

LDD+—=1D0V

4011

4011

4001

4011

4011

4011

4011

038
M8

~

dv L

s}y

sjuauwuo))

J-sso1) 1o

PEIREIEIN

punodwo))

sse[)
3niqg

a8uey)
uopo)

a8uey)
POy ouruy

aseaold [-ATH



106 ‘APSI
LT8A AILV dE9T ‘APSI ‘I01T :sAesse Ajiq

-ndoosns 10J QUO[O JuBNW-§ PIs() ‘suonEINU (IABUIpUL) GE9-MIN
Id 1Yo pey Jueinu pjoo[as AdI+AINI+AOS + (H1ABUOILY) SEC-LIV +
£osuBpem Jo oouasard ut 4/ [XINHAD Ul pasessed ¢—IN 2 A pajoe[es  (araeumbes) 6668-1¢ O 1oyqryuy osex)01d DIV+«—DILD 1011
96¢IpuO) A N [EREEIEN (TraeUIpUL) 6E9-NN Joynquyuy ase9301d DLV«+—DILD 1011
° goemeZIy-eyonsje|N A ¢ [EREEIEN (Traeuyau) €HE1-DV Joyquyut asea)old JLV«+—DILD 1011
& (4t 93es
]
s -sed) uonog[as ur 9e[ pareaddy “I1aBUOILI JO
Dr... SUOT)BIJUAOUOD FUISBAIOUT UT S[[D 4/ [ XINHD
- cOSuUDIeM ur ¢~ IN Jo o5essed onIA ut ur padsag ¢ A SCREICN (1raeuOI) 8EC-LIV Jo)qIyuy ases301d JILV«—DLD 1011
W "PIoJ-0< Aq TTESA Pue p[oj-0z< £q A/INOT
= ‘PI0J-01—1 £q 8 PUB [L€9°01°¥SC8 suonisod
= Je suoneinw Aq paonpar sem Jaeurdo] 03 Ayiq
2 103dwayy -ndeons ‘suoneinw 19yjo Ym uonounfuod uy X N [REIREIEIN (aaeurdor) g/ ¢-1.9V 10JIqIYU] 9SBI0I JIV<—DILD 101 1
=
..m SosS1pafeied 1814 p3o9[ag I8 A P39S (maeuardure) g/ 4-X A 10yqryuy osea)0ld OLL«—DI1D 4011
E So6SIpareMed PI0J-8 ‘A¥8I/d01T 2 A P39S 8TCTI-9A 10yqryuy osex)0ld OLL«—DI1D 4011
m zoeseueen 79 @8essed ‘s[[o0 T-LJA UT UONDR[AS OMIA UT 2 A P39S €00¥6-D10N 1oyqryuy osex)0ld OLL«—DI1D 4011
Q
M LT8A/SELO/ATLVIAEITIOYN/IYTT
> /01T PAIOS[s-IIARUIPUI JsureSe JueIsIsal ploy
w ~EL AVBI/AILV/INYSI/IOYIN/ITEA/AOTT Yue)
=~ £0U0o3 -nw padd[as-IiAtuaide Jsurese JUeISISAI Ploj-(| ¢ A Y-ss01) (L10¥6-D10) #1TONL Joyqyuy ase9301d JOLL«—DLD 4011
on
£ Lepruus PI0J-6T :4011/S83N ¢ A Pajd9[es V68¢SS-OS Joyqyuy ases301d JOLL«—DLD 4011
= nAeueldn 0) 9ouR)SISAI P[OJ /8 9AIS 0) paje|
gouokoq -nWINooe suOTBINU IS0 ¢ saessed ¢/ 1YY ¢ A parePs (araeuexdn) 0690 1-NNd I0}IQIUUT 3SBIJOI] JLL<DLD 011
(AVSTUALYIIOVIN/A0TTD
668INWIYSOX SOIIA PAJOI[SS L[ T-HI 03 JULISISAL P[O)-L ¢ A Y-sso1) (unesouly) ¢Lz-IN Joyqryuy ase9301d JOLL<—DLD 4011
*SIUIIA JUB)SISAI JO UOT)
-e[osI 0] parnbar soSessed 0G< PIOJ-8T:APSI
668INWIYSOX [ALYIIOPIN/AOTT "PIOF-61:A¥8I/ALYI/A01T ¢ A P3a3dI[S Ly1-afl Jonqryuy ase9301d JOLL<—DLD 4011
S63ULY ‘GEEPSLL PI0J-0S ‘APSI/ISY/A01T ‘PIOJ-T *VTSA/A01T ¢ A [SSISEIEN c€ce-dNd Jonquyuy ase9301d JOLL<—DLD 4011
M NEN| SJUSWIWO)  OAIA  OIIA  Y-SSOID) IO punodwo) sse[) aSuey) aguey)
uy uy REIREIEIN Snig uopo) ploy ourury

aseaold [-ATH

SMaIASY




SMaIASY

e
00tuoosny A I8 pajooes  (araeueldn) 06907 1-NNd 1o)quyuy asea301d VIO«—VIV ASTI
(a1AeUOILT) 8EC-LAV
SOOI A ¢ Pad9[es + (naeurdo) g/¢-LAV Jojqiyut asea)old DOV—DHVV d vl A
m Jiaeuerdn 0} QouR)SISAI P[O) L] AAIS 0} paje|
.m gouokoQg -nuNodoe suoneINW IaYlo ¢ saessed ¢/ 1YY ¢ X paePRs (mmaeueidn) 0690+ 1-NNd 10J1qIYUI AsBaJ0I1] VI1O+—VIV A€TI
& (11AvuOI) REG-LAV
- SOOIN A ¢ P1o9[es + (a1aeurdoy) 8/¢-19V Joyqryut oses101d VIO«—VIV A€ll
= (11aeUOILT) 8EC-LEV
m SOOI A I8 SCREICN + (aaeurdoy) g/¢-19V Jojqiyur asea)0ld VVV«—VOV AT L
w Lepruus PI0J-0T 03 -O1-A8SN/ATLV/IESANOYIN/ATIT & A SCREICN (arUL) 1G1TS-OS Jo)quyuy asea301d JLO«—DIV ATlT
..m 'PI03-96 ‘N68T/AVBI/IOVIN/ITEA
8 "PIOJ-€6 ‘S8SN/AILV/AE9T/TOSVA'AOTT "PIO} (ravuezeye)
Mu 003u0D €81 ‘S8BN/AVSI/AILV/IOVIN/ACCT/TCEA ¢ A SCREICN Te9TET-SING Jo)quyuy asea301d JOVL—DLD AOI1T
8 901arxeq A pawaes - (araeueidn) 06904 1-NNd Jo)quyuy asea301d AOIT
M S6RIPUOD) ‘96RIpUO) A N SCREICN (1raruIpun) 6€9-N Jo)quyuy asea301d JLO«—DLD AOTT
.m (1auol) 8EC-LIV
m.m SOOIN X ¢ P1o9[es + (11aeurdoy) 8/¢-19V J1oyqIyut osea101d JLO«—D1D AOT T
= "PIOJ0P< Aq TTEGA PUP PIOJ-0T< Aq W/INOTH
a ‘PIOJ-01— Aq ¥8 Pue [L°€9°01'¥S T8 suonisod
je suonelnw £q paonpar sem Jiaeurdoy oy Aqiq
1oydwoyy -ndoons ‘suoneinw 19yjo YPim uondunfuod uy X N [REIREIEIN (aaeurdoy) §/¢-1.9V J10)IqIYU] 9se2)01g DLO«—DLD AOT 1
PI0J-8 ‘A¥8I/LT8A/dEIT
S6RIPUOD) “‘96RIpUO) /I9YIN/01T “PIOJ-¥ “LTSA/AEITIOPIN/IOTT A N 3SR (IraeuIpUL) 6E9-IN 1o)quyuy asea301d JDD«+=D1LD d011

"PI0J-07< Aq TTESA Pue P[oj-07< £q Y/INOTI
‘PIOJ-01—F £q ¥8 Pue [L'€9°01'vSC8 suontsod
je suonelnw £q paonpar sem Jiaeurdoy oy Aqiq

1o3dwoyy -ndoons ‘suoneinw 19yjo Yim uonounfuod uy X N REIREIEIN (aaeurdoy) §/¢-1.9V J10)IqIYU] 95€2}01g DDD«DILD d01 1
NEN| SJUOUWIWOD)  OAIA  OIJIA  Y-SSOID) IO punodwo) sse[) aguey) aguey)
uy uy RIBEIEIN Smg uopo) ploy ourury

aseaold [-ATH



901xeq A paopes  (aaeueidn) 06904 1-NNd 103qIyuy 9se910ld W0 A
96BIPUODH A N 32N EN (rarurpuy) 6€9-N 10)qIyuy 9ses10ld DIV<+—DHVV W O0C A
° “TIARUL[OU pue IAeumbes yloq 03 AIiq
& -ndoosns paonpar yIm pajeroossy ‘Iaeurnbes
..m 6690UAMEBT] woIf Yoyms B Suimof[oj sjuaned om) ur ued§ & N NSRRI EIN (IAeUyaU) €HET-OV I0)IQIYU] 9SBa)0I1d DIV+—HVV W oz
Dr... "PI0J-0< Aq TTESA Pue p[oj-0z< £q A/INOTA
N ‘PIOJ-01—F 49 $8 PUe [L°€9°01'%S'c8 suonisod
W je suonenw Aq paonpar sem Jiaeurdoy oy Aqiq
an 103dway] -ndoons ‘suoneinwr I9YI0 YIim uonounfuod uy X N [EIREIEIN (mmaeurdoy) §/¢-1.9V IOJIQIYU] 9S8)0Iq DIV+—DVV Woz
m SOIYDIAS A 2 Pa1d2[eS Id ordnnu loynqryur aseajold JLV«—DHVV 10T
.m counired A 2 Pa1d2[eS (aeurdoy) 8/¢-L.9V 103qIyuy 9se9101d L<—DVV 10T
m A6OH/AIID/VLYAIALYIITEA
m ISTOL/IOYIN/AOT T/AYST :snita LT dFessed
° {6OI[1IED Pa109[as-1AeuIdo] YIIM UQS 90UBSISAI P[OJ- A X ¥d-ssor)  (maeurnbes) 6668—1€ 0 IOYIQIYUT 9S8)0Iq DYD«+—DHDHD q91 D
”n“ A6OH/ATD/VLYA/ALYIITEA
um /STOL/I9OPIN/AOT T/AYSI :SnaA L] oFessed
g 860II1IED Pa10d[es-11AkUIdO] YIIM UADS QOULSISAI P[OJ-1T & A Y-sso1) (IraruoN) 8EC-1gV 10)qIyuy 9ses10ld DVD«+—DDD 491D
nMa 1ESH WM ploj
m -0p< PU® J/INOTA WM PIOJ-0T< “¥8 PU® ‘[L
a ‘€9 ‘01 ‘pS ‘T8 e suonenw yim uonounfuod
ur p[oj-0]—f paonpal sem A[iqndaosns ‘OAIA
u] “(uoneinw A1s-a8eArdd (J/ 03 T/4) 9d/1d
pue uonenu 91s-05eAra[d (J/NA 0 I/NV)
1d/1d 3o 9ouesaxd ur) pjoy g¢¢ Anpiqudaosns
paonpal :A69H/HI1D/V LY A/ALVI/ITEA/STOL
860II11ED NOYIN/AOT T/AYSI SDIIA L] 93essed ‘ONIA uf & A Pa1d3[38 (a1aeurdoy) 8/ ¢-LAV 10)qIyuy 9ses10ld DVD«+—DDD 491D
(aeuolly) ECLAV
SOOI A 8 PR1d2[eS + (aaeurdoy) 8/¢-19V lonqryur aseajoid DDH«—DHDD Vorop
“ NEN| SJUQWIWOD)  OAIA  ONIA  Y-SSOID) IO punodwo) sse[) a3uey) a3uey)
uf uf P1O9[es 3nig uopo) pPIOY ouruy

SMaIASY

aseaold [-ATH



SMaIASY

[
o
S6RIPUO) ‘96RIpUO) A N PAd9[S (HraruIpun) 6€9-N 10)quyuy asea301d VIV«—VLL 121
“IIABUOILI JO
SUOTIBIUAOUOD FUISBAIOUI UT S[[D 4/ [ XINHD
£osuDieM ur ¢—pIN Jo dSessed OnIA Ul Ut paldR[Ag 4 A 3RS EN (1auol) 8EG-LIV 1o)quyuy asea301d VIV+—VLL I1¥C1
"PIoJ-07< Aq TTESA Pue P[oj-0z< £q Y/INOTA
‘PIoF-01—F £q +8 Pue [L'€9°01'%S 8 suonisod
o je suonenw £q paonpar sem Jiaeurdoy oy Aqiq
2] 1oydwayy -ndeons ‘suoneinw 19yjo Ym uonounfuod uy X N [REIREIEN (aaeurdoy) §/¢-1.9V I0}IqIYU] 9S83)01] VIV—VLL 1$21
]
M 1iaeurnbes 10
[ naeuardwe pa)sooq-Iaoue)i Suraredar syuaned
- ur pajod[as os[e ‘[ 2[0S st pasn Iaeumnbes
W pouoIsuyor IO JIARUL[OU JOUIIO UAYM PIJO[As UoneInjy A ¢ REIBEIEIN Id ordnnu JI0)IQIYUI SBA)0IJ VIV—VLD 1€21
= .
= (,ed ® (LLD M IDD) A OV ‘ed
@ 12 (DDD 01 HYD) ¥ 01 O) ans adeaeopo 1d/.d
g “(,1d ¥ LLL 0} LLD) o 01 7T) 2Ms aeaeapd od
..m /1d :suoneinw Seo pajeroosse Ym proj-00s |
= 96uoko( Lenealor) AVSI/ATLV/INYSALYIIOVIN/ITEA/IETT/AOTT & A Pajd9[es sS4 s81c v1d Jojquyuy 9se9301d VIV+VLD 1€C71
m SOIRYIIAS A ¢ Pad9[eS Id Adnnu Jojqiyur asea)0ld LLD«—1D9D ATV
m 901axeq A pajooes - (aaeueidn) 06907 1-NNd Joyquyuy ase9301d A 0T
<
% SOIRYIIAS INO6T WM pajeroossy X ¢ Pad9[es (aruy[aw) ¢¥E1-OV Jojqiyur asea)old DOV—DHVV L0Z3
m.m (1raguOIL) EC-LIV
°0 SOOI A ¢ PAd3[eS + (aeurdoy) 8/ ¢-1AV 10)qiyur asea)0ld DOV+«—DHVV L0c™
Dm 901axeq A pajooes  (araeueldn) 06907 1-NNd 10)quyuy asea301d d0CH
96eIpuo) A N PAd9[aS (IraeuIpUL) 6€9-MIN 1o)quyuy asea301d DOV<«—DHVV d0CHA
LV
PU® ‘pCI ‘9OEIN ‘P8I ‘TSA 18 suopenu yim
96RO UOTJBUIQUIOD UT SINOJ0 uoneinur AIpuodss A N [REIREIEIN (TAvuOILI) §CG-LAV I0}IqIYU] 9SB3}0IJ DOV+—DVV M0z
"PI0J-07< Aq TTESA Pue P[oJ-07< £q Y/INOTI
‘PIoJ-01—F £q +8 Pue [L'€9°01 %S T8 suonisod
je suonelnw £q paonpar sem Jiaeurdoy oy Aqiq
10jdway] -ndaons ‘suoneinw Iayjo Yym uonounfuod up & N [RRIBEIEIN (maeurdoy) §/¢-1L.9V 10J1QIYU] 95BI)01g DOV+—DHVV M0z
NEN| SJUOUWIWOD)  OAIA  OIJIA  Y-SSOID) IO punodwo) sse[) aguey) aguey)
uy uy RIBEIEIN Smg uopo) ploy ourury

aseaold [-ATH



HIV-1 Protease

ions in

Drug Resistance Mutat

9gUOkO(T ‘LENEAN0I)

L60e)01D)

€00

860I111ED

pouerdesy

9QQASAQ[RAOY]

863omed

€04

€osunIEAm

(,2d ® (LLD @ 1DD) A IV ° &d
1® (DDD 01 HVD) ¥ 01 O) s dFeaes|d [d/zd
‘(,1d & LLL 03 LLD) 4 0 ") au1s o5eaeapd 9d
/1d :suoneinw Sen pajeIdosse Yim proj-00s‘ 1
AVBI/ATLVINYSUALYIIOVIN/ICEA/IETT/A0TT

(,1d % LLL 0 1L1D) 4

0] ) as a5eaed[d 9dyd :suoneinw Fen paje
-1008SY JUBISISAI P[OJ-0CS -VI8I/ATLV/IOYIN
JTZEA €€ aFessed je uonerndod jueuroq

"H8SO ‘ALY £q pamo[[o] pue ‘ToyIN
pue JOIT ‘APS8I 1o)ye ‘11 oSessed ur ‘oouanbaos
ur yynoj steaddy ‘1:¢ JO uoner MABUOIL/AJ]
® Jo oouasaxd ur s[[ed LN Ul ¢—INd jo a3es

-sed ur suonenw Jo uone[NWNOdE [erjuonbog
‘(uonyeInU 9IS

-a3eAr9[d (474 03 1/4) 9d/1d pue uonenw 18
-o8eAeod (/NA 03 A/NV) 1d/.d Jo aouasard
un) pIoj 8€€ ‘A69H/A1D/V LY A/ALYIITEA
/STELAOYIN/AOT T/AYST :snaia L a3essed
PI0J 9F ‘ALVI/ICEA/STOL/I9YIN/AOT T/ A8
TOvIN

JIZSA 10 OSY Y s1000 81y sreadde [gg A
711-DINL

£q uoIqIUUI JOJ SISeq JB[NO[OW Y} JUIULINIP
0) Aydei3o[resA10 uonnosar Y3y asn sioyny
s1031qIyur 9seajord

IQUJO 0] OUBISISAI-SSOID Isned jou op Ay ‘Ade
-IoU) JO SYO9M /g I91JE OAIA UI UOWIOD ISOW
d1 088N PU® NO£d “PIOJ-L ‘ATLV/NOSA
LTBA/SELO/ATLVIAEITIOVIN/IYTT/A0TT
P1O9[as-IIABUIPUT JSUTETe JUBISISAI P[OJ-€/
106N ‘A¥8I

“LT8A ‘ATLV ‘dE9T ‘A¥SI T01T :skesse Aqiq
-ndeosns 103 2UO[d JuBINW-§ PaIs() ‘suonEINW
Id Toyo pey jueinw pajdd[es AdI+AILI+AOS
Jo Qouasaxd ur 7 [XINAD Ul paSessed ¢— N

A

Pao9[Rs

[REIREIEN

Pa109[es

REIREIEIN

[REIREIEIN

Jd-sso1)

Pa109[es

J-sso1)

REIREIEIN

sS4 ¢81¢C vIId

S4 9061 v1Id

(1avuOI) 8ECLAV
+ (qaeurdop) §/¢-1.9V

(1aeurdoy) §/¢-L9V

€00LLV

YIT-DAL

(IraeUyIRu) €HET-DV

(L10¥6-D1N) ¥1T1OL

(TraguIpuL) 6€9-NN
+ (IrABUOILI) Q¢G-1 IV +
(11aeurnbes) 6668-1¢ 0

JI0)IqIYU] 95e2101d

I0)IqIYU] 958}01g

IOYIQIYU] 9SB)0Iq

J10)IqIYU] 95€2}01g

JI0)IqIYU] 95e2101d

JI0)IqIYU] 95€2}01g

IOYIQIYU] 9S8)0Ig

J10)IqIYU] 95e2)01g

JI0)IqIYU] 9582)01g

VIV+—VLD 1€ A

VIV<«—=VLD 1€ A

VIV<«—VLD 1€ A

VIV<+—=VLD 1€ A

VIV+—VLD 1€ A

Nocd

IVV«1IVD Noe d

VIV<+VLL I1ve1

VIV<+—VLL I1vC1

68

s}y

sjuauuo)

OATA

up

onIA

uf

Jd-sso1) 10

RIBEIEIN

punodwo))

sse[)
Sniqg

a8uey)
uopo)

a8uey)
POy ouruy

SMaIASY

aseaold [-ATH



SMaIASY

e
‘Adexoyy
00TuOdSIY 1aeuerdn SurAreoar sjuened Jo 9,09 UI USRS X A pajod[es  (mmaeueidn) 0690+ 1-NNd I0)IqIYU] 95E)0I] L —VVD ascd
‘0S99 pue H190
TCEA UM UOTBUIQUIOD UI UJIS SBM UOIIR)
-nq ‘sadessed snoraaid woiy A/p pue JOI1
T9OFIN ‘AOSI Pey Apeaie swouon) “maeurdo|
Jo oouasard oy ur S[[90 H LN ur ¢—INd Jo
€0OIN o3essed onra uy ue ur ¢ oFessed £q pajodes A A PAO[S (maeurdoy) 8/¢-1.9V 10YIqIYU] 9sB)0I] VVI—VVD Oved
SOIRYDIAS 1€6A 10 ACET IPYIe PIM PAJBIdOSSy A & Pa199[eS (ataeurdoy) 8/¢-LAV 1oyqryur asealodd VVI<—VVD oved
m €0IsoALry SOIIA o 9PE[D [IM PIjeIdossy A N Pa139[38 (1aeuyaw) €HEI-DV Jo)qyuy ases301d VIV<—VLL 1ee1
.m Jaeueldn 0] 90ue)SISAI P[O) /8 JAIS 0} PAe|
Dr... gouokoq -NWNOdE SUONEINW Ioy)o ¢ sodessed ¢/ 101y A X paros[es  (mmaeueidn) 0690+ 1-NNd I0YIqIYUT 9SBA0I] ILLL—VLL d€€T
m 'P10J-96 ‘N68T/AVSI/IOVIN/ITEA
i ‘PI0J-€6 ‘SSN/ATLV/AE9T/TOSVAAOIT "PIO} (11aeuezeYR)
m 003uon ~€81 ‘S8BN/AVBU/AILV/IOVIN/ACE T/ TCEA 2 A P39S 7e9TeC-SING 1oyqryuy osex)0ld JOLL+—VLL d €€ 1
= 1LV
m PU® ‘pCI ‘9EIN ‘¢8I ‘TSA T8 suonenut yim
..m 96EIIOIN UONBUIqUIOd UT SINOJ0 UONEINW ATEPUOdAS X N RIREIEIN (IaeuolT) §¢G-1.9V I0)IqIYU] 95E)0Id JLL+—VLL d€€T
= zoeSeueien 0T @Sessed ‘s[[o0 Z-LJA UI UOT}OS[dS ONIA UI A A Pa1od[es (maeuardue) §/H-XA I0}1qIYU] 95E)0I] VIV+—VLD 126 A
m AVBU/ATLV/INYSUIOYIN/ITEA/AOTT Yue)
m €04 -nu paydd[as-IiaeuaIde Jsurese JUeISIsaI Ploj-(| & A Y-sso1) (L10¥6-D1N) ¥1TIONL 1oyqryuy ssea10ld VIV<—VLD 1€ A
]
.M.u. A6OH/HAOID/V LY AIALYIITEA
$ IST6L/IOVIN/AOT /A8 :snata L] oFessed
[~ 8601[1IED Pa199[as-1aUIdO] Y)IM UQIS 9OUBSISAT P[OJ-1 1A A A-sso1)  (1aeumbes) 568—1¢ 0¥ 1031qIYu] 9sE)0I] VIV+VLD 126 A
=
m Jiaeuerdn 0} 90uR)SISAI P[O) /] AIS 0} paje|
= gouokoq -NWNOJE suoneInw I1oylo ¢ sagessed ¢/ 10y A A parooes (mmaeueldn) 06901 1-NNd JI0)IqIYUI ASBA0I] VIV+VLD 126 A
PIOJ-¥1 -VI8A
S6RIPUOD) ‘96RIPUO) INTLVIT9YIN/ITEA “PIOJ-€ ‘VTSA/TOVIN/ICEA A A Pa139[98 (TraeuIpul) 6E9-NN 1oyqryuy osex)01d VIV<+—VLD 1€ A
seAuMD ‘goeseurien LT o8ussed ‘S[[0d T-LJA UI UONID[AS omIA Ul N A Pa139[o8 (unessouky) 7LT-IN 1oyqryuy osex101d VIV<+—VLD 1€ A
ZoeseUERD €¢ oBussed ‘S[[9d T-LJA UT UONIIAS OMIA UL 8 A Pa139[98 Lylcdr 1oyqryuy osea101d VIV<+—VLD 1€ A
'P10J-96 ‘IN68T/AVSI/IOVIN/ICEA
"PIOJ-€6 ‘SSSN/ATLV/AE9T/TOSVAAOIT PO} (11AeuRZRIR)
003u0D ~€81 ‘S8BN/AVBI/AILV/IOVIN/AEE T/ TCEA 8 A Pa139[e8 7€9TeT-SING Joyquyuy ase9301d VIV<+—=VLD 1€ A
NEN| SJUQWIWOD)  OAIA  ONIA  ¥Y-SSOID) IO punodwo) sse[) a3uey) a3uey)
uf uf REIRRIEIN Sniqg uopo) pPIOY ouruy

aseaold [-ATH



SOIRYDIAS 88N PUB NOcd Ym pajerdossy X & Pa139[38 (1aBUY[aY) €HEI-DV loyqryur aseajold VOV«—VVV d sy A
1aeueldn 0] 90ue)SISAI P[O) /8 JAIS 0] PAje|
gouokoq -nWNOdE SUONEINW IaYJo ¢ sofessed ¢/ 10y A A paro[es  (mmaeueidn) 0690+ 1-NNd IONIQIYUT dSB)0IJ VIV—VVV 1St
S65ULY “GEABPSLL PI03-0S ‘AY8I/ISTA/A01T 18 A P39S c€ce-dINd 1o)quyuy asea301d VIV—VVV Isv
901xeq A paooes  (aaeueldn) 0690% 1-NNd 10)quyuy asea301d Lev
ALYI PUB ‘TZEA ‘VTISA SUOHEINW J0UE)SISAT
SOIRYDIAS Id D {pIM - I0 VG 191e YiIm pajeIdossy X & Pa139[3§ (ataeurdor) g/¢-LAV 1o)qryur aseajold VOV<—VVV Lev i
m pasearour
] sem Ajpiqndoosns pue 41 DAL Isurese
Dm.. S01ANCQ PISa) d1om IN(IS “ENep UONO[as 0} Arenuo) 2 A Pa139[38 (L10¥6-D1N) ¥1TONL loyqryur aseajold VOV<«—VDV LIvd
— ‘Kdesoyy
W 001uooSy naeueldn Suiareoar syuaned Jo 9,07 U URS X A parooes  (amaeueldn) 06901 1-NNd I0)IQIYU] 9583)0I1d VVV+—VOV D RIA
m Te6l
o= /INOOT/SELD/ATLVIAEYTALSI/NOVIN/ALES
2 JT9OSIN/IOTT :poAesse a1om suonenuu 9say) Sur
..m -UIBIUOD 3sBI0IJ SABSSe onewkzud ur aseajord
8 0) SIONQIYUI A} Jo ANuyje SuIpulq Jomo[ [im
Mu 66U9S[O ‘go[TuweZnA PoIRIOOSSE QI8 SUOTBINWE 9)IS QAIOE UOU ISAY], & N REIREIEIN (I1aeuIpUI) GE9-IN 10)1qIYu] 9se2101g IVD«—1DOV alLes
% ‘Adexayy
M 001uodSy naeuesdn Suiareoar syuaned Jo 9,0¢ U USRS X A parooes (mmaeueldn) 06901 1-NNd I0)IQIYU] 958)0I] dLEN
N
m SOYosay A & Pa139[3§ (1arUOIL) BEC-LAV 10)qIyur asealold DLO«—DIV A9 N
mM 9¢ pue [/ ‘4G e so3ueyd
Wa 96CIION £q pamo[[oJ UdYO “ISIY SINOO0 TYA OAIA UL X N Pa1d3[2§ (FravuoNT) EC-1GV 103qIyuy 9ses)0ld DLO«—DIV T9¢ N
m 1aeueldn 0 90UBISISAI P[OJ /8 QAIS 0] Paje[
gouokog -nWNOSE suoneInw Jayjo ¢ sogessed ¢/ 10y A A parooes  (mmaeuexdn) 0690+ 1-NNd JI0YIQIYUI 9sB0I] VIV+—DILV 19¢ N
‘wsiydiowAjod © 9q Aew
86°°0ed d€9'T ySnoye ‘proj-09 ‘de9VI9EIN/NOEA A N PAId9[2S (Hraruyaw) €YEI-DV 1o)quyuy asea301d VIV—DILV I19¢ N
9¢ pue [/ ‘pG e seSueyd
96EIION £q Pamo[[0] U0 ISIY SINDI0 TYA ‘OAIA U] X N Pa139[98 (11aeUONT) 8EC- LAV 103qIyuy 9se910ld VIV<—DILV 19¢ N
90Ixeq A pajodjes - (naeueidn) 0690% [-NNd 103qIyuy 9se910ld Deed
SOIYDIAS A 2 Pa139[9§ Id ddnnu loynqryur aseajold VDD«—VVD DeeHd
m NEN| SJUOWWOD)  OAIA  OIIA  Y-SSOID) IO punodwo) sse[) a3uey) a3uey)
uy uy PA0[S 3nig uopo) pPIOY ouruy

SMaIASY

aseaold [-ATH



SMaIASY

—
L]

HIV-1 Protease

ions in

Drug Resistance Mutat!

96U0KO(T LENE0ID

9guoko(T ‘LENEL)0I)

863o1ed ‘963oned

96PIIOIN ‘SCOHZIMONIRIN

€00

€00

860I111ED

€00

youerdey ‘v60H

pouerdey

(,ed 1® (L1LD 0 1DD) A @ V °€d
18 (DDD 01 HYD) Y 01 O) 2s a5eaespd 1d/zd
{(,1d 1 LLL ) L1D) 4 0} T) aus a3earapo od
/1d :suonemur Sen pajerdosse YIM p[oj-00s- I

AVSU/ATLV/WNYSUALYIIOVIN/ICEA/IETT/A0TT
(,1d ¥ LLL © L1D) 4

0} ) aus ageaes[d 9d/1d :suoneinw Sen paje
-1008Sy JueISISal P[0J-0CS ‘VI8I/ATLV/IOYIN
JIZEA €€ o3essed je uonendod jueurwoq
OATA UT NOE( UM U23s U21J0

‘APSI M UOIBUIQUIOD UT DUBISISAI P[OJ-G

9€ PUB [L ‘pS I8

saSueyo £q pamo[[oJ ISI SINdJ0 S/L/I/VISA
‘OAIA U] "A$S] JO UOTIOJ[AS I3)JE SINOJ0 ‘OIIA UJ

"H8SO ‘ALYI ‘TCEA £q Pamo[[oy pue JOTT
pue A48l Ioe ‘[ 0} ¢ 9Sessed ur ‘oouanbos
ur paryy sreaddy “1:G Jo uoner MABUOII/AJ]

® Jo 9ouasaxd ur S[[d LN Ul ¢—INd jo oFes
-sed ur suoneINW Jo uonE[NWNOOE [erjuonbog
(IIARUO)LI

/uaeurdoy i1 ut ‘s[[Rd H LA ut ¢—INd) 8 oes
-sed ur AQGT ynam uonounfuod ur pannboy
‘(uoneInu 9)Is-05eALBI[O

(474 01 71/) 9d/1d pue uoneinw 931s-0FeARI[O
(d/NA 03 A/NV) 1d/Ld jo eouosaxd ur) pjoy
8€€ "A6OH/A9ID/V LY A/ALYIICEA/STOL/I9YIN
/0T /AYSI :SNIIA L] oFessed PIOJ 9% ‘ALYI
/CEA/STOL/I9YIN/AOTT/AYSI PIOJ T1 *ST6L
N97IN/A0TT/AY8I PIOJ ¥ I9OFVIN/AOTT/A¥8I

1, 9Sessed ‘s[[ed LN Ul ¢—INd Jo oessed
oIIA UI JO [OfJAl Ui uonounfuod ur paxnboy
PI0J-0C :A8YD

NI9PIN/ISY Sueinuw OYY Jo Adusjedwod uoned
-17da1 saaoxdwr Jnq Ayiqndassns uo 10339 ON
NOIOTW

[ 7 S[[90 Pa)odJul A[[EOIUOIYD Ul PIAJOJ[OS

A

PAII[RS

Pa19919S

Pa109[9S

Pa109[es

PAII[RS

PAII[RS

Pa19919S

PJo9[es

PAII[RS

PAIIRS

Sd ¢81¢ v1Id

Sd 9061 v1Id

(JraeuyRu) ¢HE1-DV

(1aeUOIL) QG-I

(IraeuOor) 8€G-LAV
+ (1aeurdo)) §/¢-1.9V

(11aUOIT) BEC-LIV
+ (1aeurdo)) §/¢-1.9V

(aaeurdoy) 8/¢-1.9V

(aaeurdoy) 8/¢-1.9V

€00LLV

€00LL"V

10}1qIYU] 28BJ0IJ

10J1qIyu] 9se)0I]

1031qIYU] 9sE)0I]

10)1qIyU] 2582101

10)1qIyu] 2589101

10)1qIU] 2589101

1031qIyu] 9580l

10)1QIU] 2582101

10)1qIU] 2589101

J10}1qIYU] 98BJ0IJ

VIV<—DILV

VIV<—DIV

VIV<—DILV

VIV<«—DIV

VIV+—DILV

VIV<DIV

VIV<—DIV

VIV<«—DIV

VIV+—DIV

DLL«—DIV

19v N

197 N

19v N

19v N

19y N

I19v N

197 N

19 N

197 N

49 N

NEN|

sjuauwruo))

OAIA

ug

oniA

Uy

Y-sso1) 1o

P2a19919S

punodwo)

sse[D
3nig

aguey)
uopoD

a8uey)
POy ouruy

aseajoad 1-ATH



ILY
PUe “4ST ‘9EIN ‘P8I ‘TSA 1 SuonTINU yiim

96RO UOTBUIQUIOD UT SINOO0 uoneInur A1epuodes X X [EIREIEIN (1aeuolI) 8€G-LIV J10)1qQIyu] 9589101 DID«—DIV T9% W
"uond9[as ur Ajred pareaddy “IIABUOILI JO
SUOTJEIJUIOU0D SUISLIOUT UT S[[D $/ [ XINHD
cOSuDIeAM ur ¢~ IN Jo oSessed OnIA Ul Ul pAdSAg ¢ A SEREIEN (11arUOIL) BEC-LAV 10)1qiyu] aseaj01d DLL—DIV T N
"PI0J-0¥< Aq TS PUe P[oj-0z< A9 Y/INOTI
‘PIOJ-01—F £q ¥8 PUB [L°€9°01FSC8 suontsod
Jje suonenw £q paonpal sem Jiaeurdo] 03 Ajiq
@ 103dwayy -ndeons ‘suoneinw I9Y10 PIm uonounfuod uy X N [REIREIEN (raeurdoy) §/¢-1.9V 10)1qIyu] 9S83}01J DLL+—DIV 19 W
<
.m peuerdes 2 A P39S €00LL~V Jlojiqryuy oseaj01d JLL<—DIV T9% N
Dr... juasaxd
= G6SIpaeIIRg Kpeaire A$81/1017T ‘soSessed 10)e] JB 9sory { X REBEIEIN (maeuardwe) g/ p-X A J10)IqQIYu] 9Sea}01J VIV+—DILV 19y N
m SosIpareired PI03-0T ‘ALYI/I9¥IN/AOST ¢ A SREIEN 8TE11-9A Jo)qiyuy oseaj01d VIV—DILV 197 N
= Toeseueen 79 o8essed ‘S[[00 TLJ Ul UONOJ[AS ONIA UL ¢ A SCREIEN £0076-D1N Jo)qiyuy oseaj01d VIV+—DILV 197 N
2 LC8A/SELO/ATLVIAEYTIOVIN/IFTT
2 /40171 PIOS[S-IIABUIPUL JSUTESE JUBISISAT P[OF
m “€L AVSU/AILV/WYSI/IOVIN/ITEA/AOT T 3ue)
Mu €003 -Nw pajoafas-aeuaide JsuteSe JUe)SISar Ploj-01 8 A Y-sso1) (L10¥6-D1N) ¥1TONL 10)1qIyuy asea101d VIV<—DILV 19v N
o LEWPIWIS PI0J-0C O3 -O1-A8SN/ATLV/TESA/TOVIN/ATIL 8 A Pa1d9[ag (HrarUl) 1G1TS-OS 10)1qIyuy asea101d DIO«—DIV 19V IN
Q
M A6OH/HD/V LY AJALVIITEA
2 /STEL/I9YIN/AOTT/AYSI :snaia L] oFessed
3 860[[HIED P1od[es-1iAkuIdO] YiIm UdIS AOUESISAI POJ-1 ¢ A y¥-ssor)  (aaeumnbes) 6568-1¢ 0F 10)1qIyu] asea101d VIV«—DILV 19V N
&~
®0 PI0}-8
£ AYSI/LTSA/AE9T/I9YIN/I01T “PIOJ-+ “LT8A
_ S6RIPUOD) ‘96RIpUO) /AE9TI9YIN/FO0TT ‘PIOF-+ "LT8A/MEITIOPIN A N Pa1d9[ag (FraeuIpul) 6€9-N 10)1qIyu] asea101d VIV«—DILV 19V N
zoeSeueien 17 93essed ‘S[[00 Z-LIN UI UONOJ[AS ONIA UT ¢ A [REILEIEIN (unyeisouky) 72 z-IN 10)IqQIyu] 9S83}01J VIV<DIV 19v N
*SIITA JUB)SISAI JO UONR[OST 10§ parmbar
668INWIYSOX sogessed (g< "PIOJ-8TAYSI/ALFI/IOPIN/A0TT I8 A Pa3d9[es Ly1T-4dfl Jojiqiyuy oseaj01d VIV+—DILV 197 N
96°3poH Kropesuadwoo A[qeqoid ¢ A 0SY N oNquyuI 3seaj0ld  VIV«—DLY 19 W
'PI03-96 ‘IN68T/AVBI/IOPIN/ITEA
"PIOJ-€6 ‘SSSN/ATLV/AEIT/TOSI/A'AOTT "PIOF (T1AeURZRIR)
003u0D -€81 S88N/AVSI/AILV/IOYIN/AECT/TTEA ¢ A Pa3dR[es TE9TET-SNG Jojiqiyuy 9seaj01d VIV+—D1V 197 N
n NEN| SJUSWIWO))  OAIA  ONIA  Y-SSOID) IO punodwo) sseD) aguey) aguey)
uy uy BRI Snug uopo) ploy ourury

SMaIASY

aseaold [-ATH



SMaIASY

X :
"H8SO £Qq POmO[[0f PuE ‘TTEA PUE [9FIN
01T ‘APSI 1o1e €L oSessed ur ‘oouanbas ur
yJy sreaddy "[:G Jo UONERI JIARUOIL/AJT ©
Jo oouasard ur s[[oo LN ur ¢—INd Jo o3es (TrABUOIT) 8EC-LIV
€00 -sed ur suoreINW JO UONE[NWNOJE [enudInbog A A PEIREIEIN + (naeurdoy) §/¢-1.9V J10YIqIYU] 9se)0I] VI1D—VIV ALY 1
‘(uoneINu 9IS
-a8eAe9d (4/4 03 1/4) 9d/1d pue uonenw A1s
-a8eA®9[d (4/NA 0 A/NV) 1d/.d jo souasard
un) pIoJ 8¢€ ‘A69H/AI1D/V LY A/ALYIITEA
@ /STOL/I9YIN/AOT T/AYSI :SIiA L] oSessed
s 860II1IED PIO} 9% ‘ALVI/ITEA/STOLAIYIN/AOTT/AY8I ¢ A PAdI[S (aaeurdoy) 8/ ¢-LAV 1oyqryuy oseajold VLO—VIV ALy1
N
e (TARUOILT) 8EC-LAV
w SOOI A 2 P393 8 + (naeurdoy) 8/¢-L.9V loyqryur oseaj01d VOD«—VILV VLv1
V. 8601[11eD Jiaeuinbes 01 LpiqndeosnsiadAy sesne) A A RRREIEIN (1aeurdoy) §/¢-1.9V 10)1qIyuI Asedj0ld VIOD+—VIV VLY 1
|
== S6°1EpPSLL AOST ym uoheuiquod uj 2 A P393 8 (1aeurdure) g/ p-X A loyqryuy ssea10ld DLI«—DIV 197 N
m “TO6IN ‘AY8L
g LT8A AILV ‘d€9T ‘A¥SI ‘TOTT :sAesse Lipiq
= -ndoosns 10J QuO[od jueINW-g PIs() ‘suonEINW (J1AeuIpUL) 6E9-SIN
m Id 1910 pey juenu pajdd[es AdM+AII+AOS + (J1ABUOILY) 8EC-1.GV +
> cosuBpem Jo oouasaxd ur 4/ [XNHD ut paSessed ¢~ IN 2 A pajooes  (aaeumbes) 6668-1¢ O loyqryuy osex)0ld DLL«—DIV T N
51 “TO6N ‘AP8I
m LT8A ATLY ‘dE9T ‘A¥SI ‘T0I'T :skesse Kiiq
RZ -ndoosns 10J QUO[O jueINW-g PAs() ‘suoTjEIN (F1AeuTpUL) GE9-SIN
3 1d 1oy10 pey jueinw pAodRS AdI+ALI+AOS + (M1ABUOILY) 8EC-1.GV +
nMa cosuniesm Jo eouasard ur 4/ TXNAD ut paSessed ¢~ IN 2 A pajoe[eg  (aaeumbes) 6668-1¢ O 1oyqryuy oseaj0ld DLL«—DIV Ty N
£ 90Ixeq A pajoe[es  (waeueidn) 0690+ 1-NNd loyqryuy osea)0ld T N
= PIOJ-¥1 ‘ATILV/ITEA/TOVIN/VTISA
G69TepSLL uoneuIqUWO)) oudnbas ur puoods seaddy X A PEIREIEIN (J1aeUIPUL) 6E9-SIN J10YIqIYU] 9se)0I] OLL+—DIV 19 N
PIoJ
S6Sury “T1 SAL6T/TOVIN/VTSA “PIOK-L “19VIN/VTSA ¢ A PAd9[eS €ce-dNd 10)quyuy osea301d DLO«—DIV T9% N
(,1d % LLL 0 L1D)
Jd 01 ) 9s aFeaeapd 9d/d :suoneinw Feon
PIIBIO0SSY JUBISISAI P[OJ-0CS -VVSI/AILY
96uoko( ‘Lenet01) /19VIN :g¢ =3essed je uonendod jueutwoq ¢, A SRREIEN S 9061 VIId  Jonquujosesjord  DLL«—DIV 19 N
NEN| SJUOWWOD)  OAIA  OXJIA  ¥Y-SSOID) IO punodwo) sse[) a3uey) a3uey)
uy uf REIREIEIN Snig uopo) pPIOY ouruy

aseaold [-ATH



V8A Pey os[e ‘0AIA Uf “(O

BQGSIANUIA 10 g 2dAiqns) P[oj-0S < :AFSI/INO6T/ASHD
‘S6RMRQH ‘GEuasqodef f20URISISAI QWAZUD PIOJ-001< NOGT/ASYD A A padfeg  (waeumbes) 6668—1¢€ 0 IoNQIUUI dseAl0ld  DLO«—DHDOD A 8% D
960N PIOJ-0T :ASYD/HOIT ¢ A Pa1oR[s L9T-dIN  I0NqIu[ 3sedjold  DID«+—DHOD A 8% D
0621 Ut
960N 9SBOIOUT P[OJ-G SIOJUOD SNIIA PAIV[AS-LI[-dIN ¢ A A-$501D PEI-dN  I0NqIuI 9sealold  DID«—DHOD A8y D
° 9GLIBYORAIPNSEA A 3 EIEIEN (IAeupuz) 6EO-MIN  I0NqIYUL 95BAN0I]  DID«—DHOD A8y D
m pIo}
g geurwIOg -001 ‘LZ8I/A8YD ‘PIOJ-0T ‘ASFO/IOVIN/MSY N A pa1oR[es €00LL-V  Jonquyuiesedlold  DID+—DOOD A 8% D
Dr... G PUB ‘€G ‘06 ‘C8 1B suonenw ym uonounl
m 90Aug1aag -uod ur Aypiqriedosns paonpal p[oj g pasne) X y-sso1) 9y61-d 10)IqIyU] 9sealold W 8y D
m juasaxd
= SesIparEIEd Apeare ApQI/J017T ‘soSessed 1aje[ Je asory |, X RIREICI (maeuardwre) g/4-XA  I0)NQIUU] AsE3)01] VILO—VIV ALy I
2 S6sIparereq PIOJ-0T ‘ALVI/IOPIN/AOST A pa1oo[es 8CETI-A  10NQIyu] osea)0id VLD VIV ALY
=]
= AGOH/AID/V LY AIALYIITEA
s /STELA9YIN/AOTT/AYSI :snaia ] oFessed
M 86O[[LLIED Po109[as-11ARUIdO] IIM UIIS QOUBSISAI P[OJ-f A A A-ssor) (1aeurnbes) 668—-1¢ 0y 10)1qIyuy 9sealold VID+—VIV ALY1
5] 9pmIXEg A pojoo[es  (araeuerdn) 0690F1-NNd ~ J0MqIYU] SEA0I] ALY
S
8 (APSTI/ALYI/IOVIN/AOTTD
= 66RINWIYSOX STUTA PAJOI[OS L[ T-H[ O) JURISISAI P[OJ-L ¢ X g-ss01D (uneisouky) ¢Lg-INSI  10NQUuI osedlold VLD« VIV ALY1
m.m SIUITA JUB)SISAT JO UOT)
Wa -e[ost 10] paxnbar sagessed (g< 'PIOJ-8T:APSI
m 66RINUWIYSOX IALFIIOPIN/AOTT "PIOJ-6 L:APSUALYIAOTT & A pajoofes LPIT-Af  Ionquyup osedlold VLD« VIV ALy 1
‘(;zd 1® (L1D 01 1DD) A O V * &d
12 (DDD 01 HYD) ¥ 01 O) ans a3eaeapd 1d/ d
“(,1d ¥ LLL 01 LLD) o 01 7T) ans a8eaead 9d
/1d :suoneinw SeH) pIJeIdOSSE YIM P[OJ-00S‘T
96uoko( Lenealor) AVSUATLV/INYSUALYIIOPINITEAIECT/AOTT & A pa1oR[es S9 G8IC VIId  JoNquyuy asea)oiq VLD VIV ALY
AGOH/AITD/V LY A/ALYIITEA
/ST6LA9YIN/AOTT/AYSI :snaia ] oFessed
860[1LLIED pajoojes-iAeuIdo] YIIm TS OUBSISAI PIOJ-1T A Y-$501D (AeuOI) G-IV IoNqIUuUI asedlold VIO« VIV ALY
-Al_. NEN| SJUQUWILIO)  OAIA  ONIA  ¥Y-SSOID IO punodwo)) sse[) aguey) a8uey)
ug uy SRIbE] I Snig uopo) proy ourury

SMaIASY

aseaold [-ATH



SMaIASY

w
~
Lewprus PI0J-0C 01 -O1-A8SN/ATLV/TESA/IOVIN/ATIT 2 A Pa139[38 (Taeut) 1612S-0S 1031qIyuy 9ses101d (+<—LLL T¢€64d
G PUR ‘06 ‘78S 18 suonenw yim uonounf
90Au31A9g -uod ur Aiqnodosns paonpar ploy gz pasne) A A-sso01D) 9%61-d I0JIQIYUT 9se2)01d T¢64d
"PI0J-07< Aq TTEGA Pue P[oj-0z< £q Y/INOTI
‘PIOJ-01—F £q ¥8 PuB [L€9°01'F5"T8 suonsod
o je suonelnwt £q paonpar sem Jiaeurdoy o3 Ajiq
2] 103dwayy -ndoons ‘suoneinw I9YI0 YIm uopounfuod uy X N Pa1od[es (aeurdoy) §/¢-1.9V IO}IQIYUT 9S89)0I1] (—LLL 1¢S5 4
Q
M SoSIpareMed AP8I podejdoy 2 A Pa139[28 (maeuardwe) g/ 4-X A 103qIyuy 9se9301d LLO«—1IV AOST
w SoSIpareMed PI0J-0C ‘ALVI/I9VIN/AOSI 2 A Pa139[e8 8TET1-9A 103qIyuy 9se9301d LLO«+—1IV AOST
> zoeseueien 79 o8essed ‘s[[o0 T-LJA U UOTIID[AS ONIA UT 2 A Pa139[e8 €00¥6-D10 1031qIyuy 9se9301d LLO«—LIV AOST
|
= STT-DNL
S £q uoNIqQIUUI JOJ SISeq JB[NOJ[OW A} JUIULIIP
m 9QANSAI[BAOY 0) Aydei3oj[eisA1o uonnosar ysiy asn sioyiny A q-$s01D) $11-DINL 1031qIYU] 9sB)01g AOST
..m (11ABUO)LI
m /uaeurdo] G:1 ur ‘S[[ed HLIN Ul ¢—INd) § a8es (T1ABUOILT) BEC-LIV
= €00 -sed ur oy s uonounfuod ur pannboy 2 A P39S + (mmaeurdor) 8/¢-L.V 1o3qryuy 9se9301d LLO«+—LIV AOST
¥ £ 9Fessed ‘S[[e0 pLIN ul ¢—INd Jo d3essed
m €00 OIIA UT JO [9FN (M uonounfuos ut paimboy 2 A Pa139[38 (uraeurdoy) 8/¢-LAV 10)1qIyuy ases10l1d LLO+—LIV AOSI
172}
.w 'P10J-96 ‘IN68T/AVBI/IOVIN/ICEA
=4 "PIOJ-€6 ‘SSSN/ATLV/AE9T/TOSVA'AOIT "PIO} (11AeuRZRIR)
Wa 003u0D -€81 “S88N/AVBI/AILV/IOVIN/AEET/TCEA & A Pa139[38 ce9CeC-SING 10)1qIyuy ases10l1d LLD«—LIV T0S1
m (A1AvURZRIR)
#0ouuo[0) ‘0p3u0D A A Pa139[3§ Ce9TeC-SING 10)IqIyuy 9seajoId LLO<«—LLV TO0S1
06DI ut
960N 9SBAIOUl P[OJ-Q[ SIJUOJ SOIIA PAJI[es-L9]-dIN & A g-sso1pn (Taeul) 1612S-0S 10)1qIyuy 9ses10ld DLDO«+—DHDD A8y D
“T06IN ‘A8I
"LT8A 'ATLV ‘dE9T ‘AbSI TOTT :skesse Limiq
-ndaosns 10} QUO[O JuBINW-§ PIs() ‘SUONEINU (1maeuIpur) 6€9-SIN
Id 1oy10 pey juenu paodes AdI+AII+AOS + (J1ABUOIL) QEC-1AV +
£osubBem Jo oouosaxd ut 4/ [ XINHD ul pagessed ¢~ IN & A paofeg  (maeumbes) 6668-1¢ 0¥ 1031qIyuy 9se9101d DLDO«—DOD A8V D
NEN| SJUQWWO)) OAIA  ONIA  Y-SSOID) IO punodwo) sse[D a3uey) a3uey)
uy uf Pa1od[es Sniqg uopo) pPIOY ouruy

aseaold [-ATH



"PI0J-0t< £q "TEGA PUE PIOJ-0C< Aq W/INOTI

‘PIOJ-01—+ £q $8 PUE 1L°€9°01°S T8 suonisod
Jje suonelnw £q paonpar sem Iiaeurdo] oy Aqiq

m ~OmQEoM .ﬂmoosm ,mEOEESE REJ TR :Oﬁoﬁ:.aoo uy A N P2319919S C;mEQOO QL¢-1dV Jojiqryuy aseajold JDIOV—IIV LVS1
D
S gounyreq X 3 ERIREIEN (aeurdop) g/¢<LAY  I0NQIUU 9sBAl0L] DOV «—DIV S¥S 1
Dr... zoeseueyen 1€ a8essed ‘S[[90 Z-LIA UI UOIOJ[IS OMIA UI A A [SEIbEIEIN (naeuardwe) §/4-X A JONQIYUT sed)0Id DIV+—DILV W +S 1
o
= AYSUATLY/INFSIIOPIN/ITEA/OTT Jue)
= €OUYOX  -nur pajodfes-Iaeuaide IsuteSe Juelsisar ploj-0r ¢, A A-s501) (LTOY6-DIN) YITDNL ~ JONqIuI 3sed0ld  DIV«—LIV N ¥S 1
= 9pmIXEg X pojoe[es  (wmaeueidn) 0690T-NNd  10MQIYU] 25€J0I] N S T
2 (,ed® (LLD M IDD) AV £d
= & (DDD 01 HYD) Y 01 O) s a5eaeapd [d/ d
3 ‘(,1d & LLL 01 LLD) A 01 ") aus o5eAeapd 9d
Mu /1d :suoneinw Sen) pajerdosse YIm poj-00s‘1
@ 96u0ko( ‘LEnea1o1) AVSUATLV/INYSUALVIIOYIN/ICEA/IETT/AOTT A pajod[es Sd 68IT VIId  Ionqmujoseajord  OIV«—LIV N S T
%)
g gounyIed X ¢ Pa1osfag (maeurdo) 8¢V~ IONqUUUI A0 DIV+—IIV N S T
= zoerm3e X X Pa1osfeg (maeuardwe) g/ 4-X A Ionqryup esedlold  LID«—LIV TS 1
75}
I~ "PI03-0p< £q TESA PU® PI0J-0T< £q W/INOT
o ‘PIoJ-01—+ £q $8 PUB [L€9°01¥Sc8 suonisod
= Jje suonelnw £q paonpal sem Jiaeurdo] o3 Ajiq
= 10Jdway] -ndaons ‘suoneinw Joyjo yim uopounfuod up X N Pa109[es (maeurdoy) §/¢-1L.9V 10)1QIyU] 9sB3)0I1d D1LD«—IIV T1+S 1
9pIaIXeg A pajodes  (uaeueidn) 069071-NNd  10qIyu] osealoId vV ¥S 1
gounyreq A 1 pa1od[eg (aeurdop) g/g-LAV  IoNquyuy asealold  DDD«—DILV vV ¥S 1
TO6N ‘A¥S8I
LT8A ATLY ‘dE9T ‘AYSI ‘TOI'T :skesse Kijiq
-1ndaosns 10J QUO[O jueINW-§ PIs() suoneInwW (1AeuIpUL) 6E9-SIN
Id 10U pey JueInw paldds AAI+ALI+ADS + (I1ARUOIL) 8EC-1HV +
cosunIem Jo souasaxd ur /[ XINAD ut pagessed ¢ IN ¢ A paIodRs  (naeumbes) 6668-1¢ 0 IONQIUL 9seONd IV« LLL A €sd
-zm NEN SJUAWILIO))  OAIA  OJJIA  Y-$SOID IO punodwo) sseD a8uey) a8uey)
u[ ufg PAIIIS 3niqg uopo) pIoy ourury

SMaIASY

aseaold [-ATH



SMaIASY

o~
o~
9698POH Koyesuadwios Ajqeqord ¢, A EIREIEN 0SY N~ 10MqIUU[ 9seR)0ld  VVD+«—IVD 309 d
9pIaIXEg A pawofes  (aaeueidn) 0690 1-NNd  10NqIYU] Osealoid 4850
"ALVT PUE ‘TZEA
‘T9PIN HOTT ‘Av8I 1o3ye LT 3essed ur ‘aduonb
-os ur jse[ sieaddy 1:G Jo uoner IABUOIL/AJT
® Jo 2ouasaxd ur S[[ed LN Ul ¢—INd Jo oSes (11ABUOILT) BEG-LAV
® €0OIN -sed ur suoneInW Jo uonB[NWNIOE [enuanbag A A SRIREIEIN + (maeurdoy) 8/¢-1.9V JOJQIYU] dSed)0I] g8 0
m “IIABUY[OU pue Jiaeumbes yloq 0y Ajiq
M -ndoosns paonpar yim pIJeIossy Iiaeuinbes
=W 662UdIME ] woly Yyoms e Surmorjoj juaned ouo ur uaag A N SRl (IAeUYU) ¢HET-OV JOJQIYU] dSed)0I] VVV—VDV M LS Y
m “IIABUY[OU pue Jiaeumbes yloq 0y Ajiq
m -ndoosns paonpar yim pAJeIoossy Iaeuinbes
= 662uUdIMe ] woly Yoms e Surmor[oy juaned ouo ur usag A N PAI[S (1AeUYU) ¢HET-OV 10)1qIYu] 9se)0Id VOV+—VVV dASS
@ SOIRYDIAS 197N PUE ‘APSI “VTSA WM PABIOOSSY X ¢ Pa1o9[ag (maeurdop) g/¢-LAY  IoNqUuidsealold  VOV—VVV oSS
£ “TO6IN ‘AbSI
m LT8A ATLY ‘dE€9T ‘AvSI 10171 :skesse Liiq
M -ndoosns 10J QuO[d jJuBINW-§ PIs() ‘suoneINUL (1AeuIpul) 6€9-SIN
o Id 10Y10 pey Jueinu pajod[as Ad+AII+AOS + (I1ARUOILY) QEC-T IV +
= €OSUDPEA Jo doudsard ur £ [XINAD ur paSessed ¢~ IN ¢ N paod[es  (mmaeumbes) 6G68—1¢ O IONQIUU] d5ER101] VIO VIV APS 1T
<
Z S69110qg g pue O odfigns up A pawafeg  (uaeumbes) 6668-1¢ O I0oNquyuUI dsealold VLD« VIV APS T
] Jiaeueldn 0) 90uR)SISAI P[OJ L] QAIS O} PAje]
M d 3
a0 gouokog -NWINdOE suoneInw 1Yo ¢ sadessed ¢/ 101y A X pa1oRs  (1aeueidn) 0690+ 1-NNd 10)IQIYuI 9sedold DLO«—DIV APS T
=
m s
PUB ‘€G ‘06 ‘T8 ‘S e suonenwi y)im uonoun(
90Augiaeg -uod ut Aypiqredosns paonpal ploj g7 pasne) A y-sso1) 961-d J10)IqIYu] 9se)0Id A PS 1
9¢ pue [/ ‘G e sedueyd
96RO £q pomo[[oy ‘Is1y MO0 S/1/A/VTYA OAA U] X N 210998 (mAeuoi) QeG-LgV  Ionquyuyasealord  DLO«—IIV AVST
"PIoF-0b< £q TTESA PUE P[oF-07< AQ A/INOTH
‘PI0J-01—+ £q 8 PUB [L€9°01PS T8 suonisod
je suonelnw £q paonpair sem Jaeurdoy oy Aqiq
10jdway] -ndaons ‘suoneinuw Jayjo Yim uonounfuod ug A N PAOS (naeurdoy) §/¢-1L9V JOJIQIYU] Se0I] DLO+—DIV APS 1T
NEN SJUAWIWIO))  OAIA  ONIA  Y-SSOID JO punodwo) Sse[D a8ueyD a8uey)
ug ufg PAOAS Sniq uopo) pIoy ourury

aseaold [-ATH



LC8A/SELO/ATLVIAEYTIOVIN/IVCT/A0TT

£04oN PRJOD[OS-ITARUIPUL JSUTESE JUBISISAI POJ-€/, 2 A g-sso1n (L10v6-D10) ¥1TONL 10)1qIyuy °se9301d D20D0«—=D1D d €91
106N ‘A¥8I
"LZ8A ‘AILYV ‘d€9T ‘A¥SI ‘TOIT :sAesse Ai1iq
-ndoosns 10J QUO[O JuBINW- PIs() ‘suOHEINW (J1AeUIpUL) 6E9-SIN
Id 1oy10 pey JueInu pajdd[es AQM+AII+AOS + (J1ABUOIL) QEC-1HV +
£0SUDEA Jo Qouasard ur 4/ [XINHAD ul paSessed ¢ IN ¢ A paioo[es  (waeumnbes) 6668-1¢ 0 Ionquyuiesealord  DDD«+—ILD de91
“IIARUIPUI JO SUOT)ENUD
m -U0D SUISLAIdUL UT S[[3D L [ XINAD Ul ¢~ IN
m €OSUD{IeA Jo a3essed omnia ur jo £z a8essed Aq pajodes A A pa1ooes  (1aeumnbes) g668—-1¢ 0y 10)1QIyu] 3se0Id DDD+—DLD d €91
Dr... PIoJ-¥
\n ‘LT A/AEIT/I9PIN/IOI T *PIOJ-8 ‘AYSI/LT8A
W S6RIPUOD ‘96RIpUO) /AE9TVIOPIN/IOTT *PIOJ-¥ “LTSA/AEITIOVIN A N Pa1d2[eS (TaeUIpUL) 6£9-NIN 1oyqryuy osea)01d D20D«—=D1D d €91
= P10J-96 -IN68T/AVBI/IOVIN/ICEA
g ‘PIOJ-€6 ‘SSSN/ATLV/AE9T/TOSVAAOTT PIO} (11aeueZEIR)
2 003uon -€81 ‘S88N/AVBU/AILV/IOVIN/ACET/TTEA 2 A P333[3S Ce9Tec-SING 10yqryuy osea)01d D0D«—=D1D d €91
..m ‘uonIQ[As ul AIed pareaddy “IAeuollI JO
m SUONEIIUSOUO0D FUISLAIOUT UT S[[3D 4/ [ XINAD
= €0subBem ut ¢~ IN JO oessed onIA ut ur paddesg & A 2205 EN (TragUOIT) EG-LIV 10)1qIyuy oses30ld D20D«—=D1D d €91
m "PI0J-0< Aq TS Pu® PIOJ-0T< £q W/INOT
s ‘PIOJ-01—t A9 ¥8 pue 1L°€9°01'¥$ T8 suonisod
m Jje suonenw Aq paonpar sem aaeurdo] o3 Kqiq
mM 103dway] -ndoons ‘suonelnwr 1910 Yim uopounfuod uy X N IR EIN (aaeurdoy) §/¢-1.9V 1031qIYu] 95801 20D+—D1D d€91
Wa [SOLCEED. | A & PR12[e8 (1raguOIL) EC-LIV Joyqryut aseaj0ld JODL«—DID D971
m [SOLCEED. A & Pa12[e8 (1raguOIL) EC-LIV loyqryut aseajold D0D«=DLD V€91
‘0594 pue ‘Oved
TZEA UYIAM UOTIBUIQUIOD UT USJS Sem UOTe)
-njq ‘soessed snoraaxd woiy A/p] pue JOI1
TOFIN ‘AOST Pey Apeaie owouern) “1aeurdo|
Jo douasaxd oy ur s LA Ul ¢—INd Jo
€O0OIN o3essed oniA uy ue ur 47 oessed £q pajoores 1A X IRRIEIN (mmaeurdoy) §/¢-1.9V I0)1qIYU] 9se)0I] (—DVD H190
‘Aderayy
001u0osy aaeuerdn Suiareoar syuaned Jo 90¢ U USRS X A palod[es (maeueldn) 0690+ 1-NNd 1031qIYu] 9se0I] VVD+—IVD 909 d
mm NEN| SJUQWWOD)  OAIA  ONIA  ¥-SSOID IO punodwo) sse[) a3uey) a3uey)
uy uy LSRRI EIN Sniqg uopo) pPIOY ouruy

aseaold [-ATH

SMaIASY




SMaIASY

=)
o~
SOIRAINR 2 P39S (L10¥6-D1N) ¥TTDAL loyqryur aseajold VVO—VVV g0L 3
AOOH/HIID/VLYAIALYIITEA
ISTOL/IOVIN/A0T V/AYSI :snaia L] 23essed
860[[LLED PA09[as-TARUIO] )IM UIIS QOUEBSISAI P[OJ-f A ¥d-sso1)  (Haeurnbes) 6668—1¢ 0y I0)IQIYU] 9583)0I1d IVL—IVD A 69 H
m A6OH/HIID/V LY AIALYIITEA
8 IST6L/I9YIN/A0TT/APST snatA L] dFessed
Dm.. 860I11ED Pa109[os-1TARUIdO] (1M USIS DOUBSISAI P[OJ-]T 2 Y-ssoID (1arUOIL) BEC-LAV 1031qIyuy 9sed)old IVL+—IVD A 69 H
— “(uoneInuu IS
W -o8eAe9[d (J/4 031 1/) 9d/1d pue uonenw 418
= -a3eArad (J/NA 0 A/NV) 1d/.d Jo aouasard
= ur) pioy 8¢¢ ‘X69H/HITD/VLYA/ALVIITEA
2 860I1H1ED /STOL/I9PIN/A0T T/ASI :SDIIA L] oFessed & Pa139[38 (ataeurdor) gL¢-LAV 103qIyuy sse910ld IVL<—IVD A 69 H
..m 90Ixeq A pajodpes  (aaeueidn) 0690% 1-NNd 103qIyuy sse910ld 69 H
2]
= “T06IN ‘A¥8I
= “LTSA AILV ‘d€9T APSI ‘TOIT :skesse Kiqiq
¥ -ndaosns 10j QUO[O juBINW-§ PIS() ‘suonBINW (1AeuIpul) 6€9-NIN
m Id 1oy10 pey Juen pajod[as AdI+ALI+ADS + (J1ABUOI) 8EC-1.EV +
m £osubBem Jo eoussaid ur 4/ [ XINAD ut pagessed ¢—IN 2 pajodjeg  (aaeumbes) 6G68-1¢ 0¥ 103qIyuy sses10ld JOLL«—DIV 4991
175]
~ "HI190 pue ‘Oved
o0 ‘TZEA UM UOIRUIQUIOD U UJJS SEM UONIE)
m -njz ‘saessed snoraaxd woiy A/p] pue JOI1
= ‘T9%IN ‘AOSI Pey Apeaife owousn nAeurdo]
Jo douasaxd ay) ur s LA Ul ¢—INd Jo
€0OIN a3essed onia uf ue ur g oFessed Aq pajo9[es A SRIREIEIN (naeurdoy) §/¢-1L.9V 10J1qIYUu] 9SBA)0IJ VVI+—VVD 0s9d
(11aeUOIY) SEGLAV
SOOI A Pa139[28 + (maeurdoy) 8/¢-1.9V lonqryur oseajold VLIO«—VIV AV91
counired A P2139[98 (maeurdoy) 8.¢-1.9V 103qIyuy 9se910ld JIV+«—DILD L €91
SOYosd A Pa139[98 (11aeUONT) 8EC- LAV lonqryur aseajoid DOL«—DLD S €91
SOYosaY A SRIBEIEN (T1ABUOILT) QEG-LAY ~ 10MQIYUI 9seajold DVO+—ILD 091
NEN| SJUSWIWOD)  OAIA J-sso1) 1o punodwo) sse[) a3uey) a3uey)
uy PA0[S 3nig uopo) pPIOY ouruy

aseaold [-ATH



PI0J-0¢

863o1ed ‘AVSU/AILV/AEITIOVIN “PIOF-L *ATLV/NOEA A N S SEICN (Haruyaw) €HEI-OV 1o)quyuy oseaj01d LLD«—1DD ANILV
9¢
@ pue [/ ‘4G 1e soSueyd AQ pamoj[o} ‘ISIy SInNd20
] S/L/A/VT8A ‘OAIA UL AZ8A PUB I9¥IN ‘A¥SI
M 96PIIOIN ‘SCHZIMONIRIN £q papacard onia ur gg ofessed £q poumoog X A P39S (11aeuONT) G- LAV 1oyqryuy osea10ld LLD«—1D5 AILY
w "PI0J-0v< 4q TTES PU® PI0J-0T< £q W/INOTA
> ‘PIoJ-01—+ £q #8 Pue [L€9°01°¥Sc8 suonisod
m je suonelnw £q paonpal sem Iiaeurdoy oy Aqiq
= 10jdwoyy -ndoons ‘suoneinw I9YI0 YPIM uopoun(uod uy X N NSRRI EIN (mmaeurdoy) 8/¢-1.9V J10YIqIYU] 9sB)0I] JLO+—I1DD AILYV
w 00ruoosny A ¢ pawofeg  (araeueidn) 06907 1-NNd Jo)qyuy oseo301d LOV«—1DD LILV
..m S6RIPUOD ‘96RIpUO) A N SREIEN (raruIpuy) 6€9-N Jo)quyuy aseo301d LOV«—1DD LILV
o}
= S63oned PIOJ-GT *VTBA/LILV 4 A SREIEN 81€981-SINd Jo)quyuy ose9301d LOV«—1DD LILV
= 863o1ed A N SEREIEN (1aruyaw) €HEI-DV Jo)quyuy ose9301d LOV«—1DD LILV
v
m "PIOJ-0v< Aq TTESA Pue P[oj-0z< £q Y/INOTI
8 ‘PIOJ-01—F £q ¥8 PuB [L€9°01'¥S T8 suontsod
m je suonenw Aq paonpar sem Jiaeurdoy o3 Ajiq
m.m 103dwayy -ndoons ‘suoneinw I9YI0 YIm uonounfuod uy X N Pa109[eS (mmaeurdoy) 8/¢-1.9V I0}IQIYU] 95E)0Iq 1OV+—1DD LILV
Wa P10}
m S63oned ¥ *VZ8A/LILV SOIIA pajoo[as-81€981-SINE & A Y-ss01) €00LL-V Jo)quyuy sseo301d LOV«—1DD LILV
"PIoJ-0v< Aq TTESA Pue P[oj-0z< £q Y/INOTH
‘PIoJ-01— £q #8 PuB [L°€9°01°S 8 suonisod
je suonenw £q paonpar sem Jiaeurdoy oy Ajiq
103dwayy -ndoons ‘suoneinwu I9YI0 M uonounfuod uy X N Pa109[es (maeurdoy) §/¢-1LIV I0}IqIYU] 9Sea)0Iq JLD+—IDD TILV
"PI0oJ-07< Aq TTESA Pue P[oj-07< £q Y/INOTI
‘PIOJ-01—+ Aq $8 PUe [L°€9°01'¥S T8 suonisod
Jje suonelnw £q paonpar sem Jiaeurdoy oy Ajiq
10jdway] -ndaons ‘suoneinw Iayjo Yim uonounfuod up A N [RRIREIRIN (naeurdoy) §/¢-1L9V 10)1QIYU] 9sB3)0I1q LIV<—1DD 11LV
m NEN| SJUQWWOD)  OAIA  OIIA  Y-SSOID) IO punodwo) sse[D J3uey) a3uey)
uy uy [RSIREIEIN Sniqg uopo) pPIOY ouruy

SMaIASY

aseaold [-ATH



SMaIASY

v
o]

HIV-1 Protease

ions in

Drug Resistance Mutat!

zoeSeueien

£04oN
Leprus

€0SUrRM

£osunIEA

gouokoq

S6°IEPSLL

SeAUMY ‘goeseueren

003uoD

96UOKO(T ‘LENE)0I)

96U0KO(T LENEN0ID)

79 93essed ‘S[[90 g-LIA Ul UONIS[AS ONIA UT
LC8A/SELO/ATLVIAEYTTIOVIN/IVTT

/0171 PIOS[OS-IIABUIPUL JSUTeSE JUe)SISaI P[OJ
~€L AV8I/AILVI/NYSI/IOVIN/ICEA/AOTT Juel
-nw pajoo[as-1aeuaide jsurede JueISISAI P[oj-01
PI0J-0C 01 -O1-A8SN/ATLV/TESA/IOYIN/ATIT

106N ‘AP8I

LT8A AILV dE9T ‘APSI ‘I017T :sAesse Ayjiq
uﬁmuom_\ﬂm .HO,H oﬂoﬁo u:ﬁﬂ.:buw —uva .mEOEmHDE

1d 1oyp0 pey jueinw pAodRs AQI+ALI+AOS
Jo 2ouasaid ur 7 1 XINAD ut padessed ¢—IN
ILLA Jo eoueread

-de oy [(nun paurejurew sem pue d3essed ur
Areo ur poreadde uonenw siyj, 1aeumnbes jo
SUOIBIIUSOUO0D SUISBAIOUT UI S[[3D 4/ [ XINAD
ur ¢—IN Jo oSessed onra ur ur pajos[es
1aeue1dn) 0] 9oue)SISAI P[OJ /] JAIS 03 paje|
-nWNOoe suoneInw Iaylo ¢ sagessed ¢/ Iy
PIOJ-¥1 ‘AILV/ICEA/TOVIN/VT8A
uoneuiquo) -oduanbas ur yunoy sieaddy

SQUO[d JO %0E
ur ¢,z a8essed ‘S[[90 Z-L]A UI UOIOQ[IS OMIA UI
"PI0J-96 N6 T/AYSIIOFIN/ITEA

"PIOJ-€6 :S8SN/ATLV/AEIT/TOSI/AAOTT "PIOJ
-€81 S88N/AVSI/ATLV/I9FIN/AEE T/ TCEA
(,ed® (LLD M IDD) AV £d

e (DDD 01 HVD) Y 03 O) s dFeaesd [d/zd

‘(,1d 18 LLL 01 LLD) o 01 ) ans d8eaea|o 9d
/1d :suoneinw Sen) pajeIdosse YIm poj-00s 1

‘AYSUATLV/INYSUALYIIOPIN/ICE ATETT/A0T T
(,1d 18 LLL 0} L1D) 4 01 7T) 9s o5eaeafo 9d
/1d :suoneinw Sen) pareIoossy ‘JueISISaI ploj

0TS VBI/ATLV/ITOYIN 10 V¥8I/ATLV/IOVIN
JTZEA €€ a8essed je uonendod jueurwoq

A

LRIBEIEIN

A-ss01)
Pa109[es

Pa109[es

SRR EIN

[REIREIEIN

LRIBEIEIN

Pa109[es

Pa109[es

SRR EIN

[PEIREIEIN

€00¥76-D1N

(L10¥6-D1N) ¥1T1DAL
(I1AeuIal) 16126-DS

(Iraeurpun) 6€9-IN
+ (J1ABUOI) 8€G-1.V +
(maeumbes) 6668-1¢ 0

(1mavumbes) 6568-T€ 0¥

(aaeuerdn) 06907 1-NNd

(IraguIpuy) 6€9-SN

(uneisoudy) 7LZ-INDT

(I1AvUERZEIR)
TE9TET-SING

Sq S81¢ vIId

S4 9061 vV1Id

10)1qQIYu] 9582101

IOJIQIYUT 9S89}0I1]

I0}IQIYUT 9S89)0I1q

10)1qQIyu] 9se2)0Id

10)1qQIYu] 9582101

J10)1qQIYuI 3SBAJOI

J10)1qQIYu] 9589101

10)1qQIyu] 9se2)0Id

10)1qQIyu] 9se2)01d

10)1qQIyu] 9582101

J10)1qIyu] 9se3}01J

LLD«—=1DD

LLDO«—1D5
LLO«—1DD

LLO«—1D5

LLD«—=1DD

LLDO«—1DD

LLD<«—=1DD

LLO«—1DD

LLO«—1DD

LLD«—1DD

LLD«—1D25

ANILY

ANILYV
ANILYV

ANILYV

ANILY

AILY

ANILYV

ANILYV

ANILYV

ANILYV

AILY

s}y

sjuuIuIo)

OAIA

Uy

onIA

uf

d-sso1) 10

BRI

punodwo)

sseD)
Snig

a8uey)
uopo)

a8uey)
POy ouruy

aseaold [-ATH



“T06IN ‘AV8I

LT8A ‘ATLY ‘d€9T ‘A¥SI ‘TOTT :skesse Liiq
-ndeosns 10J ouO[d JuBINW-§ PAs() ‘sUOHEINU

Id 1o(I0 pey Juenw pajod[as AdI+ALI+AOS

(1raeuIpur) 6€9-N
+ (11ABUOI) REG-1LAV +

coSuDeAM Jo eoussard ur 4/ [XINAD ut pagessed ¢—IN ¢ A paaeg  (maeumbes) 6G68-1¢ O Joyqyuy ase9301d VIV+—VLD ILLA
ALV
° JO UOISIOAQI B IIm PIJe[11od pue dFessed ayy
2 ur 9)e[ pareadde uoneynw siyy, Iaeumnbes jo
] SUON)BIIUIOUOD SUISBIIOUL UT S[[0 4/ ] XINFD
Dm.. cosunem ur ¢—p"IN Jo o3essed onia ur ur pajoojes ¢ A pajodjes  (araeuinbes) 6G68-1¢ O Jonquyuy ase9301d VIV+—VLD ILLA
N 863o1ed A N Pad9[eS (Ttaeuy[au) €HEI-DV Joyqyuy ase9301d VIV+—VLD ILLA
& (ravuoN) 8EC-LIV
m SOOI A ¢ PAd9[eS + (aaeurdoy) 8/¢-LAV 10)quyut asea)old VLO«-VLL A9LT
W SORYIIAS A 8 PAd9[eS (1aeuypaw) €YE1-DV 10)1qIyut 9sea)old VOL+—VOV SyL L
= 90taxeq A pajodes  (araeueldn) 06907 1-NNd 10)qIyuy osea301d dvL L
N
m LZ8A/SELO/ATLVIAEYTIOYIN/IYTT/A0TT
= €04o3 POJOR[AS-ITARUIPUT JSUTESE JURISISAT P[OJ-€/ 8 A Y-ss01D (L10¥6-01N) #TTONL Joyquyuy ase9301d 1OD+—LOD SELD
¥ 106N ‘A¥SI
s ‘LT8A ‘AILV ‘d€9T ‘A¥SI ‘TOIT :sAesse Kijiq
.Nu. -1doosns 10J QUO[O JueINW-§ PAs() ‘suoneINW (IraeuIpul) 6€9-IN
3 Id 1910 pey Jueinu pajoo[as AdI+AII+AOS + (JIABUOILY) G-IV +
nMa £osuBpem Jo oouasaxd ut 4/ [XINHAD Ut pasessed ¢—IN ¢ X paoees  (araeumbes) 6668-1¢ 0y Jonqyuy ase9301d 1OD«+—LOD SELD
m “IIARUIPUT JO SUOTRIIUAD
= -U0d SUISLAIdUL UT S[[AD LT XINHD Ul ¢~ IN
cosunpepm Jo a3essed onia ur jo g a3essed Aq pajodes A A Ppo1oo[es  (a1aeumnbes) gge8—1€ Oy 10)1qIYu] Jse)0Id 1DD+—I1DD S¢€LD
“TIARUIPUT
6eIsnorng 03 aiaeumnbes woiy yojims e Suimoy[oy safrowyg X N [REIREIEIN (araeuIpuUL) GE9-N J10}1qIYU] A5BJ0I 1DD+—1OD SELD
“IIARUY[oU pue Jiaeumbes yloq 0y Aiq
-ndoosns poonpar Yim pajerdossy Iaeuinbes
66°0UIMEB] wolj yoyms e Juimoroy sjuoned omy ur usds X N REIREIEIN (IABUY[RU) €HET-DV 10}1qIYU] 98BJ0IJ 1OV+—1OD S¢€LD
zoeSeueien 1€ oSessed ‘S[[ed Z-LJA UI UOIOJ[AS ONIA UI ¢ A REIREIEIN (aaeuardure) g/ p-X A J10}1qIYU] A8BJ0I L1D«—1DD AILV
& NEN| SJUSWIWO))  OAIA  ONIA  Y-SSOI) IO punodwo) sse[D) aSuey) aguey)
uy uy REIBEIEIN Snug uopoD ploy ourury

SMaIASY

aseaold [-ATH



SMaIASY

()
-]
S6sury PIOJ-L6 ‘AV8I/AC8A 8 A PR1d2[eS ece-dINd 103qIyuy 9ses10ld JOLL«—DLD 478 A
"onIA
ur JUBISISAI P[OJ-G—f :QUO[E JZ]A JO SUO[D
IR[NOS[OIN "OCIN PU® [LV ‘bS] Je sadueyo
96CIION ‘SEZIMONIEIN £q pamo[[0J UdYO ISIY SINOO0 TYA OAIA UL X A Pa1d3[es (IraeuON) 8EC-1V 10)qIyuy 9ses10ld OLL«—DLD d 78 A
"PI0J-0< £q TTESA Pue p[oj-0z< £q A/INOTA
‘PIOJ-01—F 49 $8 Pue [L°€9°01'%S'c8 suonisod
je suonenw £q paonpar sem Jaeurdoy oy Aqiq
10Jdwoyy -ndoons ‘suoneinw 190 Ym uonounuod up A N SRIREIEIN (naeurdoy) g/¢-1.9V 10J1QIYU] 9sB)0IJ JLL<—D1D A28 A
)
2 “TIARUIPUL JO JIABULOU 0} YOJIMS B Id)Je
.m BRESIONUIA 10 Aderoy) maeumbes SuLmp A8yD SMO[[0 A N palod[es  (aaeumbes) 6668—1¢ O I0JIQIYU] 9S82)01d 2DD«—DILO vV 78 A
Dr... “JueINW 39998
m €600 0} uonenn jurodpus pue Aesse anbed pasn A X Pa109[s 1¥66d IOYIQIYUT 9S89)0I] DDD«—DILO V 78 A
m G PUB ‘€GC ‘06 ‘|¥ I suonenuw yYPim uonounf
= 90Augiaag -uod ut Aypiqredosns paonpal poj g7 pasne)d A A-sso1) 9r61-d 10}IQIYUT 9sB)01d V 78 A
2 PIOJ-¥1 ‘VI8A
..m S6RIPUOD) ‘96RIpUO) INTLV/T9YIN/ITEA “PIOF-€ “VISA/TOVIN/ITEA A A Pa1o9[a§ (HraruIpun) 6€9-NN 10)qIyuy ases10ld J0D«=D1D V8 A
m PIoJ
S6sury 11 ‘AL6T/TOVIN/VT8A ‘PIOJ-L “19VIN/VTSA & A PR133[e8 ece-dINd 103qIyuy ases10ld D0D+=D1LD V8 A
=
¥ S63oned PIOJ-ST ‘VI8A/LILV & A PR103[e8 81¢981-SINd 103qIyuy ases10ld D0D«+=D1LD V8 A
m 66°0UIMET] A N PR193[e8 (IaruUy[aY) ¢HE1-OV 103qIyuy ases10ld D0D+=D1LD V8 A
m "OEIN PUB [LY ‘$G] Je soSueyd
m.m 96BIION £q pamo[[0J UAYO ISIY SINOO0 TYA OAIA UL X N Pa1o9[3§ (IraruON) 8EC-1gV 10)qIyuy sses1old J0D«—=D1ID V8 A
Wa "PI0J-07< Aq TTESA Pue p[oj-0z< £q A/INOTA
a ‘PIOJ-01—F A9 $8 Pue [L°€9°01*%S 'z suonisod
je suonelnw Aq paonpar sem Iaeurdof 03 Aqiq
103dway] -ndoons ‘suoneinwr I9YI0 YPIm uonounfuod uy X N Pa199[es (1maeurdoy) §/¢-1.9V JIOYIQIYUT 9S82)0I] DDD«—DILO vV 78 A
PIoJ
S63oned -7 “VI8A/LILY SNIIA Pa1O9[as-8[¢981-SIN| & A Y-sso1) €00LLV 10)qIyuy asea10ld J20D«+=D1D V8 A
3nip
JO 90UdsqER ) UI USAD SINOJ0 YZ]A/AILV
/AFIN//TTEA PUE AOYIN/ITEA O) UOISSAIT
geurULIOq -oxd sy sreadde JZEA SAOPIN WM UQ2s torey 8 A P39S €00LL~V 103qIyuy 9ses10ld D20D«—=D1LD V8 A
NEN| SJUQWWOD)  OAIA  OIA  Y-SSOID) IO punodwo) sse[D a3uey) a3uey)
uf ug SRR EIN Sniq uopo) pPIOY ouruy

aseaold [-ATH



901xeq A papRpes  (maeuerdn) 0690¢1-NNd 1031qIyuy 9sea0Iq aes N
LC8A/SELO/ATLVIAEYT/IOPIN/TYTT/A0T T
€040 PAJOS[as-IIABUIPUL JSUTESE JURISISAI P[OJ-€/, 1 A g-sso1) (L10%76-D1N) ¥1TDL J0)1qIquy osed)0ld DOV<«—DLD L8 A
T06IN ‘Av8I
m LT8A “ATLY ‘dE€9T ‘AvSI 10171 :skesse Ajiq
2 -ndaosns J0j QUO[D JuBINW-§ PIAS() ‘suonEINW (A1AeUIpUL) 6€9-SIAN
e Id 1oyio pey juenut paddRs AQI+ALI+AOS + (J1ABUOI) 8EG-LAY +
w [0S I Jo doussaxd ur 47 [XINFD ut pagessed ¢—IN 1 A papR[es  (aaeumbes) g568-1¢ oY J0j1qryuy osed)0lq DOV<«—DLOD L8 A
V. 901IXeyq A papRpes  (aaeuerdn) 0690t 1-NNd J0j1qryuy osedjold L8 A
|
an PIo)-8
R AVSI/LTSA/AEITIOYIN/IOTT PIOJ-+ “LT8A
m S6BIPUOD ‘96RIPUOD /dE9T/IOPIN/I0TT “PIOJ- ‘LT8A/IEIT/IOVIN A N P19[eS (Araeurpur) 6€9-3IN J10j1qIyu] osed)0ld DOV<«—DLD L8 A
..m 96CIIOIN ' 10 VTZ8A I93je SINd20 [, 10 STA A N PAI9[eS (I1AeUOIL) 8EG-LIV 10)1qIqu] osed)0ld DOV<«—DLD L8 A
2]
= "PIOJ-0v< £q 7TESA PUe P[oF-0T< AQ W/INOTI
M ‘PI0J-01—F £q ¥8 pue L°¢9°01FS 8 suonisod
3 je suonenw Aq paonpar sem Jiaeurdoy o3 Ajiq
M 103dwayy -ndoons ‘suonjeinu I9YI0 YA uondunfuod uy X N Pa109[es (mmaeurdoy) §/¢-1.9V IOYIQIYUT 9Sea)0Id DIV+—DIID L8 A
.W. 96BIION ' 10 VTZ8A I93je SIndd0 I, 10 STRA A N [SCREIEIN (I1AeuOIT) QG-I 1031qIyuy 9se)0Iq DOL«—DI1HD S T8 A
mM counred A 8 [SICIEN (maeurdor) 8/¢-1.dV 1031qIyuy 9sB}0Iq DOL—DI19D ST8 A
Wa SOUSsoy A 8 P1O9[eS (TrAeuolLy) QE€G-1AV Ioyquyut ose9j01d DIV«—DIHD W T8 A
m 1Aeue1dn) 0] 90UB)SISAI P[0 /§ JAIS 0O Paje|
gouokoq -nuINOoe suoneInw 1Ylo ¢ sadessed ¢/ 10y i A paees (umaeuerdn) 06907 1-NANd I0)IQIYUI 3S8)0IJ D1D<—DI1O 178 A
[SOREEEN ] A b P19[eS (I1AeuOI) 8G9V 10)1qIyut 9seaold DLO«—D1H T8 A
zoeseueien LT @3essed ‘s[[ad ZLLJA| UI UONII[3S ONIA UL 1 A P19[eS (uneisouky) 7LT-INM J0j1qryuy osed)0ld DLV«—DLD 128 A
zoeseueien ¢¢ oBessed ‘s[[od ZLLJA| U UONII[3S ONIA UL 1 A PAI9[eS Ly1T-dl 10j1qIyuy osed)0ld DLV«—DLD 128 A
QOUR)SISAI
QWIAZUQ P[0J-(g SUIP[AIA suoneInu dNSISIOUAS
pouerdey] Qe [Z8A PUB [TEA INq SUO[E 2DUBISISAT ON I A P19eS €00LL-V 10)1qIyuy osed)0lq DLV«+—DLD 128 A
Mm SEN SJUQWIWIO))  OAIA  ONIA  Y-SSOI) IO punodwo)) SSB[D a8uey) a8uey)
uy uy AEIREIERIN Snig uopo) pIOY ouruy

SMaIASY

aseaold [-ATH



SMaIASY

w
]

HIV-1 Protease

ions in

Drug Resistance Mutat!

963°0ed

96RIIOIN ‘SOHZIMONIBIN

£osubem

€00

860I1H1IED

€0SuBIEM

€osunIEAm

96u0ko(] ‘/6NEAI0ID

963°1ed

PI0J-0€ ‘AVS8I/AILV/dEIT/IOPIN
“JURISISAI P[OJ-()[—§ AUO[O JIe[n
-09[OJ\] "oFessed onIA UT UT U2IS UONLINUI JSIT]

(¢ o3es

-sed) uonoges ur 9je[ pareaddy “IABUOILI JO
SUOTIEIIUOJUO0) SUISLIOUT UT ST[30 4/ [XINAD
ur ¢—IN Jo oSessed onia ur ur pajod[es

"H8SO ‘ALVI ‘ICEA ‘I9VIN

01T Aq pamoj[oJ ‘9 o3essed ur ‘oouanbas ur
is1y sreaddy ‘[:G JO UOTBI JIABUOILI/AJ] ®
Jo Qouasaid ur [0 LA ul ¢—INd jo o3es
-sed ur suoneNW Jo uone[NWNIdE [enuanbag
‘(uoneInu 9)IS-9FeARI[O

(4/4 0 1/4) 9d/1d pue uonenw A1s-a3eALI[O
(/NA 01 A/NV) 1d/d jo douasaid ur) pjoy
8¢¢ "A6OH/A91D/V LY AIALVI/ICEA/STOL/IOYIN
/AOTT/AYSI :snIA L] o5essed POf 9 ‘ALYI
TEA/STOL/IOYIN/AOTT/AYSI PIOF CT “ST6L
9YIN/A0TT/AY8I P10} ¥ I9VIN/J0T /A 81

“TO6IN ‘A¥8L

LZ8A AILV ‘d€9T ‘A¥SI ‘TOTT :sAesse Lipiq
-ndeosns 10§ SUOO JuL)NWI-§ PAs[) ‘suonEINW
1d 1oy10 pey jueinw pAodRs AdI+AILI+AOS
Jo 2ouasaid ur 7 XINGD ut pasessed ¢—IN
'ATLY PUe dg9T AvST ‘TOPIN Wi uonounl
-uod ut pareadde uonenw siyy, “IABUIpUL JO
SUOTJEIIUSOU0D JUISLIIOUT UT S[[D $/ [ XINHD
ur ¢—IN Jo 93essed onIA ur ur pajodes

(,1d %8 LLL 0} L1D) A 03 'T) a)1s a5eaea(o 9d
/1d :suoneinw Sen) pajeIOsSSY “JUBISISAI P[OF
0TS ‘VY8I/AILV/T9YIN 10 V¥8I/ATLV/IOYIN
JITEA €€ 93essed 1e uonendod jueuroq

IZEA
UJIM UOTBUIQUIOD UT UYM OURISISAI P[OJ-f

A

[REIBEIEIN

Pa3109[es

REIREIEIN

REIREIEIN

REIREIEN

PAd9LRs

REIREIEIN

PAII[RS

REIREIEN

(Haruyaw) ¢vE-OV

(TrABUOIY) 8EC-LIV

(11AeuOI) 8EG-LAY

(I1ARUOIL) QEC-1IV

+ (1aeurdop) g/¢-1.9V

(1aeurdor) 8/¢-19V

(TaeuIpUr) 6£9-NIN
+ (IABUOIL) Q€G-1.V +
(11avumbes) 6668-1¢ 09

(1raeuIpur) 6€9-NN

S4 9061 vIId

(I1ABUY[RU) €HE1-DV

J10)IqIYU] 9589101

I0}IQIYU] 95E)0Iq

J10)IqIYU] 9589)01g

J10)1qIYU] 258)01J

10}IqIYU] 95B)01J

J10)1qIyU] 2582101

J10)1qIYU] 9582)01g

I0JIQIUYU] 958)0I

10)1qIYU] 95E)0I]

VIO«—VIV

VLO«—VIV

VLO«—VIV

VLO«—VIV

VLO«—VIV

VOD—VIV

VOOD«—VIV

VOD«—VIV

VOD«—VIV

A V81

A¥81

A V81

AV81

AV81

V81

V81

V81

V81

s}y

sjuuIuIo)

OAIA

Uy

onIA

ur

Jd-sso1) 10

REIREIEIN

punodwo)

sse[)
3niqg

a8uey)
uopo)

a8uey)
POy ouruy

aseoid I-ATH



S6SIpEIR] PIOJ-8 ‘APSIHOIT ¢ A EIREIEN 8TC'TI-A  10NQIUI dSEAOI] VIO« VIV A P81
AVSUATLY/INFSIIOPIN/ITEA/IOTT Jue)
€0UOX  -nw padoas-naeuaide JsureSe JRISISAI PIOJ-OT |, A A-$501D (L10¥6-DI0) ¥IIDNL ~ IONQIUI dSEANOId VIO« VIV A P81
0601 ut
960N 9SBAIOUI P[OJ-§ SIQJUOD SIIIA PARS-HE[-JN ¢, X ¥-$501D (AUl [G176-DS  IoNqIyuI osedlold  VID«—VIV A P81
poUseLed-1o & A Pa1o9[og TIg-ldd  lonquuposedlold  VID«—VIV A P81
T06IN “At8I
LT8A ALY ‘dE€9T ‘AYSI 10171 :skesse Liq
-ﬁmuom:m J0J QUO[D juBINW-] Pas() ‘suonenuw CT».NE:EC 6£9-JIIN
° Id 1OWIO Pey JueINW paldd[ds AAI+ALI+AOS + (I1ABUOI) 8EC-T IV +
2] €0SUDEA Jo douasard ur §/ TXINAD ut padessed ¢4 IN - ¢, A paopes  (araeumbes) 6668-1¢ 0 IONQIUU ASeANON] VIO VIV A P81
D
2 S691BPSLL PIOJ-0€ ‘INO6T PUB ASFD UiM UONBUIQUIOO U] | A paopRs  (araeumbes) 6668-1¢ 0 IONQIUUI ASLA0N]  VID«—VIV A P81
B
A Jiaeueadn 0} QouR)SISaI PO} £§ QAIS 0} paje|
m gouokog -NWNOOE suoneInw 1Yo ¢ sadessed ¢/ 101y A A paoes  (maeuexdn) 0690%1-NNd J0JIQIYUT 9SBA)0I] VIO«+—VIV AVS1
= 0601 Ut
= 960N 9SBAIOUL P[OJ-G SIQJUOD SNIIA PAV[AS-PEI-dIN ¢ A Y-$501D L9T-dIN  ONQIUI 9sedlold  VID«+—VIV A P81
2 960N 3 A SRIREIEN PEI-dIN  JONQIUI 9BNOI] VLD« VIV A P81
= PI0J-8 ‘APSI/LT8A
m $6eIPUOD) ‘9ERIPUOD) /dE9VIOFIN/IOTT “PIOJ-0€ ‘NO6 T/AVS/ASFD A N Pa109[og (IrABUIPUL) 6EO-MIN  IONQIYUI ASEAOI] VIO VIV A P81
= geANY ‘goedeueien LT d8essed ‘S[[0D ZLLJA UI UONOJ[AS ONIA UL N A EEIREIEN (uneysouky) ¢LZ-INM ~ IONQIUI B0 VIO VIV A P81
8 “SIUTA JUR)STSAT JO UOT)
m -e[osI Joj paimbar soSessed 0G< PIOJ-8T:AHSI
2 66RINWIYSOX IALFIIOPIN/AOTT “PIOF-6 TAPSUALYI/AOTT & A Pa1o9[og LPIT-A[  IONQIUuI 9seAOLd VLD« VIV A P81
& PI0J-0S :9UO[E AHS] JO QUO[D
o0 63Uy ‘C6RIBPSLL Te[NOJ[OIA *AZSA PUE AOTV/ISHY UM SIN0O0 ¢, A Pa1099g €2¢-dINd  1ONQIUI 9seRl0ld  VID«—VIV A P81
a 9693POoH 13 A SRIREIEN 0Sy N 1ONQIUI 3seANOL] VIO« VIV A P81
"PI0J-96 TN68T/AVSI/IOVIN/ITEA
"PIOJ-€6 *S88N/ATLV/AE9 T/ TOSI/A'AOI'T "PIOJ (11aeuezE)R)
003u0D -€81 ‘SSN/AVSI/AILV/IOVIN/ACETTCEA & A SSIREIEN TE9TET-SINE  1ONQIUI 9seRl01d  VID«—VIV A P81
(,zd 1 (LLD 0 1DD) A OV V ° €d
e (DDD 01 HYD) Y 01 O) s oearapd 1dyrd
*(,1d % LLL 0} 1ID) o 01 7T) 28 aeaea]d od
/1d :suoneinw SeH pIeIdOSSe YIM P[OJ-00S‘T
96uoko( ‘Lnealor) AVSUATLV/INYSUALYIIOVINIZEA/IECT/AOIT & A SSIREIEN SE S81T VIId  10NQIUI AseANOId VLD« VIV A P81
% NEN SJUSWIWIO))  OAIA  ONIA  Y-SSOID IO punodwo) N9} aguey) a8uey)
ufg ufg PAO[S Snuq uopo) pIoy ourury

SMaIASY

aseaold [-ATH



SMaIASY

Lo
o0
G PUE ‘cG ‘78‘8y e suonenw yHim uonoun(
9QAuSiaag -uo0d ur Aypiqriedosns paonpar poj g7 pasne) A A-ss01) 9b61-d 10}IqIUU] 9SBI0IJ W 06 1
96EIpuUO) A N P39S (Taeutpuxr) 6E9-N 1oyqryuy osex)0ld DIV«—DLL W 061
Apn3s Q0uaImeT Ul
6690UAIMEBT ‘§6ONe] uowwod arow Apnjs yoned ur sjuened ur arey A N REIREIEIN (I1aeUy[oU) €HET-OV J10}1qIyU] 9589101 DIV+DLL W 06 1
LY
® PUE “pCT ‘9EIN “p8I ‘TSA Ie suonenul yIm
z 96RO UONJBUIQUIOD UI SINDJ0 UOHeINW AIBPUOddS A N BRI (I1aeuOIlY) €G-V J10)1qIyu] 9589101 DIV+—DLL W 06 1
]
M "PIoJ-0¥< Aq TTESA Pue P[oj-0z< £q Y/INOTH
[ ‘PIoJ-01— £q #8 Pue [L'€9°01°¢S 8 suonisod
n je suonenw £q paonpar sem Jiaeurdoy o3 Ajiq
W 103dwayy -ndoons ‘suoneinw 1910 YPIa uonounfuod uy X N SEIBEIEN (aaeurdoy) §/¢-1.9V I0JIQIUU] 958101 DIV+—OLL W 06 1
m 'PI03-96 ‘IN68T/AVBI/IOVIN/ITEA
- ‘PI0J-€6 ‘SSSN/AILV/AE9T/TOSVAAOIT PO} (11aeuezRYR)
m 003uoD €81 ‘S8BN/AVSI/ATILV/IOYIN/ACET/TTEA & A S SEICN TE9TET-SING 1oyqryuy oseajold DIV«-—DLL N 681
..m J0TT Yatm uoneulquios ur p[oj-¢¢ ing
= Lepruus ‘(P10J-61) SUOE AOUBISISII I9JUOD O} JUAOYING 2 A S2REIEN V68¢SS-OS Joyquyuy ase9301d LOV—IVV S 88N
= Q0UR)SISAI
m LEWPIWS PI0J-€ SIOJUOS JUBINUL PRIIA[3s-Y68CSS-DS 4 A Y-sso1) (FraeuIpul) 6€9-N 10yqryuy osex)0ld LOV—IVV S 88 N
m 'PI03-96 ‘N68T/AVBI/IOVIN/ITEA
.w ‘PI0J-€6 ‘SSSN/AILV/AE9T/TOSVAAOIT PO} (11aeueZRYR)
-7 003uoD €81 ‘S8BN/AVSI/ATLV/IOYIN/ACET/TTEA & A Pa1d9[ag ¢E9TeT-SING 1oyqryuy osexjold LOV—IVV S 88 N
Wa 863o1ed A N Pa1d9[ag (rAvUyaRY) €HET-OV 1oyqryuy osea)0ld LOV—IVV S 88 N
=
=) (I1ABUOIT) BECLAV
SOOI A ¢ Pa3dR[es + (1aeurdoy) 8/¢-1L9V Joyquyut asea)olq 1OD—IVV D 83 N
Lepruus auofe dduelsisar ou ‘Kojesuaduwios 88N 2 A S2REIEN (11aeUI) 1G1TS-OS Joyqryuy ase9301d ILVO—IVV ass N
*$10J1qIYuI 9se2}01d IOYI0 0} AOUL)SISAI-SSOID
asned jou op A9y ‘Adeioy) Jo syeam § Ioije
863o1ed OAIA UL UOWWOD jsow are (I8N PUe NOtd A N Pa3d9[es (IaeUY[aY) €HET-DV Joyquyuy ase9301d IVO—IVV ass N
SOIRYDIAS A ¢ Pa3d9[es (TaeuIpun) 6E9-N Joyquyur aseajold LIO«— 11V A S81
SosIparelred J0TT Yiim uoneulquios uf 2 A Pa3o9[es (araeuardure) g/ 4-X A Joyqryuy ase9301d V1ID«—VIV A P81
NEN| SJUWIWO))  OAIA  ONIA  Y-SSOID) IO punodwo) sse[) aSuey) aguey)
uy uy RIBEIEIN Snig uopo) ploy ourury

aseaold [-ATH



)
g
E pIoJ
e S6Sury 11 ‘AL6T/T9VIN/VTASUOIR 9duB)SISal ON 8 A P39S £€ce-dINd 1031qryuy osex)0ld VLO«—VLL A L6
w (FraeuIpun) 6E9-IN +
> SOTRYDIAS €61 PUB JNO6T WA pajeldossy A 2 pajoo[es  (waeumbes) 6668-1¢ 0F loyqryut oseajodd JOLL«—DDL 466D
|
== 66U2SI0 ‘cOIIuwezn A N P339 8 (1aeuIpun) 6£9-NIN 1oyqryuy osea101d LLD«—LLV T¢€61
m SOIYDIAS A & P339 § Id ddnnu loyuqryut oseajodd DVV<«—DHVD M6 0
m A6OH/A9ID/V LY A/ALYI/ITEA
® /STEL/I9YIN/AOT T/AYSL :snata L] oFessed
= 860I11LED Pojoo[as-ITARUIdO] (IIM UIIS AIUESISAT P[OJ-1 2 A pajoo[es  (waeumbes) 6668-1¢ 0F 1oyqryuy osex)0ld LOL—10V S 16 L
m AOOH/HIID/V LY A/ALYIITEA
= /STEL/I9YIN/AOTT/AYSL :snata L] oFessed
8 860[[HIED Pa1odfes-1iAkuIdO] YIIM UAS dUESISAI P[OJ-1T 2 A g-ss01) (11aeuONI) BEG-LAV 1oyqryuy osex)0ld 1OL—10V S 16 L
172}
.w ‘uoneInw A1s-a8eAed (J/4 01 I/4) 9d/1d pue
=7 uoneinu 9)1s-a5eAead (J/NA 0 I/NV) 1d/.d
Wa Jo oouasad ur) pioj 8¢¢ :A69H/AIID/VLYA
m IALYIITEA/STOL/IOVIN/AOT T/APSI -SnIlA
L1 d8essed PIOJ 9% ‘ALFI/ITEA/STEL/IOFIN
860I11ED /MOTT/AV8I P10} T1 -ST6L/I9YIN/A01T/Av8I 2 A P339[3§ (11aeurdoy) g/¢-LAV 1oyqryuy ssea10ld LOL—LDV Sl6L
911-DNL
£q uoyqIyuI JOJ SISEq JB[NOS[OW Y} SUTIS}OP
90ASAS[RAOY 0} Aydeido[eisA1o uonnosar ysiy asn sioyny A M-SS01D) Y11-DIAL 10)1QIyU] 9sB3)0Iq W06 1
"OAIA UI UOW
BRESIOIUIA -WO0D JSOW ()G ‘OATA UI 91 JUBInNW J[qNop
‘6691199 ‘SeUasqodRf f20URISISAI QWAZUD POJ-001< TNOGT/ASYD A A pajodjes  (aravumbes) 6G68—1¢ O loyuqryuy osea10ld DIV«—DLL N 06 1
% NEN| SJUOWWOD) OAIA  ONIA  Y-SSOID) IO punodwo) sse[D a3uey) a3uey)
uf uf SRR EIN Sniqg uopo) pPIOY ouruy

SMaIASY

aseaold [-ATH



SMaIASY

2
gopuowre( X i Pajo3[es (TARUIPUT) 6EO-MIN  JONQIUUI 9seAjold VLD« VIV A8 I
gopuowre( X i pajo3[es (TAeuIpuI) 6€9-MIN  JoNquuI9sealold VLI VIV TH8 1
gopuowre X i Pajo3[es (TARUIpUT) 6€0-MIN  JoNquuUI osedjold  DIV—LLV W81
m (Iraeupun) 6£9-IA
3 gopuowreq ) S REIGEIEN + (1ARUOILT) QEG-LAY  fonquyuiaseajold  LLL+— LIV A28 1
om._ gopuowreq ) S REIGEIEN (IAvuIpun) 6€9-MIN  IONQIUUIAsE0Nd  IVL+—VOV X08 L
N gopuowreq ) S REIGEIEN (T1AvUgIoU) €HEI-DY  IONQIUUISSE0N] VYD« VDD q8L DO
m gopuowreq ) S REIGEIEN (IavuIpun) 6€9-MIN  JoNquyuiosedlold | LIV<—LOV 1LLL
= gopuowe( X i Pajod[es (IAvUGIoU) €HEI-DY  JONqIUIdsEold  IVV—VOV N tL L
w gopuowe( XA i paods  (aeumbes) 6c68-1¢ 0F  I0NqQuUIAsEAlOld DV DVD 094
= gopuoweq X i REIGEIEN (AvUIpUD) 6EO-MIN  IONQIUUIASEA0N]  DID—DVD veod
m gopuowe( X i BRI (Avuglou) €pEI-DV  Jonquuissedlold  LDD«LLD V9 A
m sopuowreq X i RRIREIEN (fIAvUOIL) QEC-LAY  IONQIUUIdSEd0Nd  DDD«+—DHDD M SO
2 (Iraeurpur) 6€£9-IN +
s gopuowreq Xl pAodS  (WaeuImbus) 6568-T€ O IONQIUILSEOld DL« DIV THS 1
2 gopuoure ). S palodds  (aeunbes) 6668-1€ OF  I0JIqUUIAsealold DO« DDD q 8y D
nmb gopuoureq ). S paloddg  (aeumbes) 6668-1¢ OF  Ioqmuiaseslord  LID«— LIV Ao
£ gopuoureq ). S Pajodes (TAvuIpun) 6EO-MIN  ToMQIUUIasedold IOV LIV LovT
a gopuoureq ). S REIGEIEN (TaeuoN) §EC-LAV  ToMquuuiosedlold  LLL+—DLL d8€1
gopuoureq ) S REIGEIEN (TAvuIpun) 6€9-MIN  ToMquyuIosedlold  LLO«+— LIV A9ET
gopuoureq ). S REIGEIEN (TAwuIpun) 6€9-MIN  IONQIUUI 9SEA0I]  VOL+—VOID SPEV
gopuoureq ) S REIGEIEN (TawuIpun) 6€9-MIN  TONQIUUI 3SEA0I] VYD VID qvEV
gopuowreq ) S REIGEIEN (TAvuglou) pEI-OV  Jonquuraseaold  LIV«—LLO 122 A
gopuowreq ) S REIGEIEN (IAvuIpun) 6€9-MIN  IONQIUUIOSEd0Id  DIV—ILO 101 A
gopuowreq ) S REIGEIEN (IAvuIpun) 6€9-MIN  IONQIUUIOSEA0N]  IVV—VVV N L
NEN| SJUSWWO)) OAIA  ONIA  Y-SSOI) IO punodwo)) sse[D) aguey) a3uey)
uf ug IEIREIEIN Sniq uopo)) POy ouruy

asea01d T-ATH



HIV-2 Protease

g
172}
=
S
N
2]
N
=]
=
N
Q
=
]
N
172}
7
]
&~
=
=
=
=
sopuoureqg A ¢ S SEICN (raruIpuy) 6€9-NN 10)quyut 9sea)old JIV—DIV 1S6 N
(raruIpuy) 6€9-NN
Sopuowreq A ¢ Pa3d9[es + (MIABUOILY) €G- LIV Joyquyut 9sea)old DIV+—DLL W 06 1
sopuowreq A ¢ S2REIEN (1aeUY[aw) €HEI-DV Joyqryut asea)old VVV—VDV A L8 Y
sopuowreq A ¢ S2REIEN (TaeuIpun) 6€9-NA Joyqryut 9sea)old VLL+—LLL 1684
% SEN SJUWIWIOD)  OAIA  OXJIA  Y-SSOID) 10 punodwo) sse[D aguey) a8uey)
uy uy BRI Snig uopo) ploy ourury

SMaIASY

asea01d T-ATH



SMaIASY

91

in HIV-1 RT

10nS In

Drug Resistance Mutat

oorwuzegq 0URISISAI P[OJ-¢< |, K Y-$so1D (eurpnaels) Ixp  (ILIN) I0NQIUUL 1Y 9PISOa[onN VOV«—VVV d 59
"uond9[ds oNIA ul ysnoryp (ZgXH
gOPUIOT-LIOIRD) 1O SOJE[OST Juoned WOIf) SASNITA £ UT PA)dRS ¢ X PAdd[es (outpnaels) 14P  (ILMN) 103qQIUUL [ 9PISO[OnN] VOV—VVV 59 M
€0seunIzofen uonddEs omIA Ul A PAIdRJRS Ody@ DdyP-P  (ILIN) 1031qIyu] LY 9pISO2[onN VOV—VVV q 59 M
cokey DUESISAIPIOJ (K Y-$s01) Dpp-0[o£d LIAN VOV—VVV d 69 3
00Jo1AeL, PIOJ-TY APSIN/ASOM & A PARRS (DLOP -/+) TS901-HOE  (ILMN) 10MqIyu] [y pISoo[onN VOV+—VVV q 59 M
oorwzeg NUEISISAA PIOJ-¢< K Y-sso1D (surpnarwre)) DLE  (ILIN) 103qQIYU] LY 9PISO[onN VOV«—VVV q 59 M
PIOJ-T'01 ‘APSTIN/AYLT/ IS
LGOIEPSIL  ‘PIOJ-L ‘AFSTIN/ISOY PIOF-9°C APLT/ASO N X Padd[es (1aeoeqe) 68NT6ST  (LIMN) 10MqIYU] T 9pISod[onN VOV«—VVV d 59
903ueyyz A PA09RS 8E9ETHXIA Ionquyut 1 ATV
903ueyz A PA09PRS LYL6TE-XIA Ionquyut 1y A9V
‘oduelsISal [N njnw
sasned [G[ ‘O[T ‘L. ‘G e suopenw Yjim uorn (queisisar
Seeeselys -BUIQUIOD UT INq ‘)99JJd OU SBY U0 AZT9Y X N PaId[as Snip-nnw) YAW aprsoaonN A[dnmy JLH«—D0D A9V
903ueyyz A PA09RS 8E9ETH-XIA Tonquyut 13 L9V
903ueyz A Pparwo[es LYL6TE-XIA Ionquyur 1y L9V
S[[22 $-LIN
goeaoyuysey  ur pagessed JAHI-AIH JUBISISI JO UOBIPS (K PIAVIRS (ouipnaels) 1HP  (ILMN) 10MQIYUL [ PISO[OnN IVD—IVV avs N
S[[9d H~LIN
goeaoyuysey  ur pagessed JAHI-ATH JUBISISOI JO UONOJPS (X PAAdI[RS (eurpnaels) IHp  (ILIN) I0NQIUU 1Y 9PISOa[onN I19D+12D qTSd
90IYIIAS Anmiqndeosns [N posearou] X RRIREIEN (LIMN) 101qIyu] ¥ 9p1Sod[onN A0S I
(XSTT/MOTT/NLY/TI) PUNOISORG O1IdUAT
JueIsSISAI-]Zy ue ur judsaid uoym (ploj-ge—L)
00SS0MOH  DIE O} OUBISISAI JO S[OAJ] JeIopoul s10Ju0) X N Y-$so1) (ourpnaAtwrer) DLE  (LLIN) IONQIUU] [ APISOIONN JVO—VVD avrd
‘s3oreue auIprwAy) Aq pajouwr
-01d 9q Aew uoneinuw jo judwdoreadq ‘Av8TIN
TOSAUON JO 90ULSqE UT OUBISISAI SJEIOPOUW SIJUO) X N Y-$s01D) (ourpnarwre)) DLE  (LLIN) IONQIUU] [¥ APISOA[ONN VOD—VVD V v A
90IYdIAS A RRIREIEN (LLMN) 101qIyu] ¥ SpIsod[onN Oer M
90IYIIAS A RRIREIEN (LL¥N) 101qIyu] ¥ 9pIsod[onN q¢er M
903ueyz A Padpeg 8E9ETH XA Ionquyut 1y 117 W
903ueyz X PA09RS LYL6TE-XIA Ionquyut 1y 117 W
"PIOJ-081 :ASTTL
COWR[[Y] ‘161opIeT ‘6810pIeT  /JOLM/NLOA/TIYIN “PIOJ-0L—09 :ASICL/TIVIN X  PAAddeS (suipnaopiz) 17V (ILIN) 10MQIUuL 1Y 9PISOS[ONN  DLI/DLL+—DIV 1IN
901YdIAS A PRIBEIEIN (LLYND onqmyuy 1y 9pisodonN V 6€ L
901YdIAS Anpqudeosns [N poseasou] X PRIBEIEIN (LLYND Tonqmyuy 1y 9pisodonN I1S€A
NEN| SJUQWILIO)) OAIA  OIJIA ¥Y-SSOID) IO punodwo)) sse[) aguey) a8uey)
uy uy P[RS Snuq uopo) proy ourury

LA T-AIH



HIV-1RT

ions in

Drug Resistance Mutat

92

903ueyz A Pawdpeg 8E9E T XA Ionqryut 1y N 89 S
903ueyz A Pawdpeg LYL6TE-XIA Ionqryut 1y N 89 S
(ue)sIsar
661opIe] A N Pawodps Snup-nw) YAW aprsoaponN [dnmy IVV+—LOV N89S
(yue)sisar
661opIe] A N Paw9eg Snp-nnw) YAW oprsoaonN d[dnmy IVV<—1DOV N89S
‘WISTO
pue X911 “ILLd ‘ISLA suonenu ddue)sIsax (Jueysisar
86IWYIS NPP-D[OW 1030 Yiim pajeroosse Apuenbary X Padd[es Snp-nnw) YAW oprsoaponN ddnmy 1DD+— 1OV D89S
(Jue)SISAI
661opIe] A N pawdps Snup-nw) YAW aprsoaonN A[dnmy (0VD S.9d
"PIOJ-081 :ASTTL/AIOLI/NLOA
COWR[[Y ‘16I1opIeT ‘681pIeT  /TIVIN ‘PI0J-0CI ‘O61CM/ASITI/IOLI/NLYA X A P[RS (surpnaopiz) 17V (ILIN) 103qIyu] LY 9pISO2[onN JVV+DOVD N L9 d
(ue)sISar
661opIe] A N pawgpes Snip-nnw) YAW aprsoaonN A[dnmy 09D«DVD DL9d
00PIEYITY & X ¥-sso) OALOP(+)  (LIMN) 103qU] [ 9pISOd[ONN  DVD«—IVD DL9d
00PIEYITY & X Pawdps OALOP(+)  (LIMN) 103qU] [ 9pISOd[ONN  DVD«—IVD DL9d
(yue)ysISar
6619pIe] A N Peweeg Snup-nnu) YAW apIsod[onN Adnny DVO«—IVD 4.9d
juaned pajoajur (queysisar
COUBIOSEA [-ATH PaJedn-nnur ur uona[op apnodpnu ¢ X ¢, PAodag Snp-nnuw) YAW  (LLAN) JoNqryuy Ly 9pIsod[onN [9p«—DVD °pP L9 A
‘PIOJ-8°¢ uenua
QomorwewW  pajoarp-axg Juened ur [pp+IZV £q parReS X N Pades (eutsouepip) PP (IIMN) 10MQIYU] [ 9PISOS[ONN  UOHRPP«—IVD [P L9 d
‘PIOJ-Q1 -ueinwx
oomorwew  pojoAp-s Juoned ul [Pp+IZY £Q pAOdRS A N ¥-SsoxD) (ouiqeidrez) Dpp  (LLMN) JONQIYU] [ SPISOS[ONN  UONR[PP«—IVD 9P L9 d
0617 PUBASIZL “YOLM ‘D69L ‘THLT ‘NEOT
(LM UOIRUIqUIOd UT P[oJ-¢T8T 1Nq “(PIOJ-T'T) (autsouepip)
QOmyorwrew] SUO[e 1093 SMIT 'IPP + LZV AQ PAI09PS A N PAI09RS [pp + (duipnaopiz) L7V (ILIN) JONqIyu] [} SPISOAONN  UOHIPRP«—IVD [P L9 d
S[[9d H~LIN
goeaoyuysey  ur pagessed AHI-ATH JUBISISOI Jo UONOJRS (X PAod[as (eurpnaopiz) 17V (ILIN) I0NQIUU] [ 9PISOdNN  DDD«+—IVO vV L9d
6651quIEM WeISISAI PoJ-g'¢ [, A PAAI[AS (11a0Joud)) VAN~ (ILIN) I0NQIUUL I 9PISOAPNN VOV VVV q 59
96110d WeIsIsAI Poj-67—0T N A PAI09[s (1a0jope) VAN (IIMN) 10NQIU] T 9pISO9[ONN VOV« VVV q 59
oorwzegq QUBISISAI P[OJ-L'8 (K PAI[RS OXA  (ILIN) IoNqIyu[ 1Y 9pISOAPNN VOV VVV S99
Opp 10
p63UBYZ  IPP SUIAIROAI sjudned ul paatesqo Apuenboyul X N PIJOIJRS (oursouepip) [pp  (LLMN) JONqIYU] LY SPISOS[ONN VOV« VVV ¥ 69N
Y60 ‘p63ueyz RueIsIsAI PIOJ-0I—% A A PAIRJAS (ouiqeidrez) Dpp  (LLMAN) I0NQIYU] [ 9PISOd[ONN  VOV<—VVV d 59
NEN| SJUQWILIO)) OAIA  OIJIA ¥Y-SSOID) IO punodwo)) sse[) a8uey) a8uey)
uy uy P[RS Sniq uopo) proy ourury
LA T-AIH

SMaIASY




SMaIASY

93

in HIV-1 RT

10nS In

Drug Resistance Mutat

T6U0qqISZIL] 9OUBISISAI PIOJ-C A N Pa199[e§ (suiqeidrez) Jpp - (LLAN) 10NQIUT [ 9PISOS[onN LVO«—10V aoed L
‘Ade1ay) uoneurquiod (aurpnaruIey)
6690uRIMeT  DIE + LZV U0 Juaned duo ur udg X [ Pa1dd[aS DIE + (SUIPNAOPIZ) 17V aprsoaonN o[dnnjy LVD<«—1DV aes L
‘"VHIA Pu® DLE DPP ‘IPP
‘LZV :0] 9OURISISAI P[OJ-H< SIQJUOD) (yueystsar
86SIMUIM ‘sjuened pajean AJiaeay ur usds X [ Pa139[28 Snip-nnw) YAW aprsoaponN [dnnjy 1DD 1OV + LOD«—LDOV DS+V 69 L
‘Ade1oyy uoneurquiod (auIpnawls)
669oUIMET TP + DLE U0 Judned duo ur usdg X & PANOS[AS LyP + (Suipnatwe)) DLe aprsod[onN ddnny LOD«—LOV V 69 L
(suigenorez)
OPp 10 (3ulsouepip) [pp
powomysing  Lyp DAV DLE 01 wuesisar A[YSIH - X A PR + (upnaopiz) 17V (ILAN) 10NqIU] [ 9PISOd[onN SUL— LIV DSL 69 SNI
AU [-AJH JO suonenuw
T001EqOT G Jo uoneordnp ooUBISISAI POJ-Z] X A Y-sso) (outsouepip) [pp  (LIMN) 10MQIU] Y 9PISOR[ONN  HOD HIV DI VOV DIV<«—+LIV DINAIL 69 Sul
AU T-ATH JO suoneinwi
T00Lqo]  G[ jo uonedrdnp ‘oouelsisar ploj- X A Y-sso1) (surqerorez) Jpp  (LLAN) 10MqIUT [ SPISOS[ONN  DHD DIV DLO VOV DIV+—+LIV  DINAYL 69 sul
AU [-ATH JO suoneinwi
70010 G jo uonedrdnp 19dueISISAI PIOJ-GT X A Y-sso) (sutpnaeis) 14p  (ILYN) 10MQIYUL [ SPISOS[ONN DO DIV DID VOV DOV<«—+LIV DINAYL 69 sut
AUQ T-ATH JO suonenui G|
001eq0T Jo uoneordnp ‘OUBISISAI PIOJ-[LE A A g-sso1) (eurpnaopiz) 7V (LLAN) 10MQIUU] [¥ 9PISOd[onN  DHD DIV OLD VOV DOV«+—+LIV  DINAYUL 69 sul
AU [-ATH JO suoneinwi
T001LQO G jo uonesrdnp 1aoueISISAI PIOJ-48 X A Y-sso1) (surpnarwe)) DLE  (LLAN) 10MqQIUU] [¥ SPISOS[ONN  DHD DIV DLD VOV DOV+—+LIV  DINAYIL 69 sut
AU [-AJH JO suonenuw
T001eqOT G jo uoneordnp :o0ueISISAI PIOJ-gE K A Y-sso) (1maeoeqe) 68N76ST  (IIMN) I0NQIUL 1Y 9PISOR[NN DO DIV DHIO VOV DOV<«—+LIV DINAIL 69 Sul
(queystsar
661opIe] A N PoweIeS Snup-ninw) YAW aprsod[onN ddnny IVL—1DV A 89S
(Juesisax
6619pIe] A N P39S Snap-npnw) JYAW aprsoaponN ddnny SUl—LOV AS+S 89S
(Jueysisax
661opIe] A N PoReIRS Snip-nnw) YAW aprsoaonN o[dnnjy Sul«—1OV LS+S 89S
(Juesisax
6619pIe] A N Pa1s[e§ Snip-nnw) YAW aprsoa[onN ddnny SUl—LOV DSS+S89 S
AT9 ‘ASIT ‘MOIT Wm uoneurq (ueistsar
661opIeT  -Wod Ul udym J7V 01 ¥-pl0J-00ST< A N P9IeS Snap-nnw) JYAW aprsodponN odnniy SUl—LOV SS+S89 S
(queystsar
661opIe] A N Pow2IeS Snup-ninw) YAW aprsoa[onN odnny Sul«—1LOV DDOD+S89S
NEN SJUAWIWIOD) OAIA  ONIA Y-SSOID) 10 punodwo) SSe[D a3uey) a3uey)
1) SNV I v R E] 1N Sniqg uopo) POy ouruy

LA T-AIH



BAINAXOIPAY

Letuouy=(q Juoned duo ur usdg X & Pa1o9[38 + (Suisoueptp) [pp  (LLAN) JONQIYU] [¥ SPISOS[ONN  LOV LOV + LOV«—1LIV SS+S 69 L
"VANd
Pue DLE DPP ‘IPP ‘LZV :01 90UBISISAI P[O) (Ouesisar
86SIIUTM -p< stojuo)) "sjuened pejean K[iaeoy ur uses X & Pa1o9[3§ Snap-nnuw) YAN aprsoaponN o[dnn IDD LOV + LOV«—LIOV DS+S 69 L
BOINAXOIPAY
Letuouy=g Juoned duo ur usdg X & P39S + (ouisoueprp) Ipp  (LLAN) 10MQIUU] [ SPISOS[ONN OO IOV + LOV«—ILIV DS+S 69 L
"VAINd
PUE DLE “DPP ‘IPP ‘LZV :0} S0UEISISAI P[0) (uesisar
86SIUIM -p< s1ojuo)) "sjuened pejean K[iaeay ur useg X & P39S Snup-nnuw) YAW apisoa[onN o[dnny L1OD DOV + LOV«—LIV VS+S 69 L
"VHINd
[ Pu® DLE “DPP ‘IPP ‘LZV :03 S0UEBISISAI p[o) (Quesisar
&~ 8GSIIN  -p< s1oquo) ‘sjuoned pojean KAy UL USRS X [ PIIOIPRS Snup-nnw) YAW apisoaonN S[dnmy L1OD LOV + IDL«—1OV VS+S 69 L
—
V. "VHINd
- Pu® DLE “DPP ‘IPP ‘LZV :03 S0UEBISISAI p[o) (Quesisar
ﬂ 86SIMUIM -p< s1ojuo) "sjuened pejean K[iaeay ur useg X & P339 8 Snup-npnw) YAW apisoa[onN odnny LOD DOV +DDV«—1DV VS+S69 L
‘2 VAN
m pue DLE ‘OPP ‘IPP ‘LZV :01 90ueISISaI p[OJ (Jue)sisar
..m 86SIUIM -p< s1ojuo)) "sjuened pejean K[iaeay ur useg X & P339 8 Snup-npnuw) YAW apisoa[onN odnny VOO VOV + LOV<«—1DV VI+S69 L
N
m (yuesisax
PN 6619pIe] A N Pa1s[es Snap-nnu) YAWN aprsoaponN odnn SUL—LJV g9+ S 69 L
Q
M "VANd
- pue DLE ‘OPP ‘IPP ‘LZV :0} 90ue)SISAI p[OJ (Jue)sisax
.w 86SIIUTM -p< stojuo)) “sjuened pejean K[iaeoy ur uses X & Pa1d9[38 Snap-nnuw) YAN aprsoa[onN odnn VOD VOV + 1DV<«—1DV VHd+S 69 L
ma (Jue)stsar
m 661opIe] A N Pweles Snap-nnw) YAW oprsoaonyN o[dnny SUL— LIV DV+S69 L
_ “Kdesoyy uon (surpnaeys)
669OURIMET]  -BUIQUIOD [P + DLE UO sjudned om) Ul usdg X & PSS LyP + (Suipnatwe) DLe apisoa[onN d[dnny IVV<«—=1DV N 69 L
‘PIOJ-Q1 :ueInw
oorydIwRW  paYoarp-aig usned ur [Pp+LZV AqQ PAKRRs X N Pa19[es (sutsoueptp) PP (LLAN) 10NQIYU] 1y 9PISOSONN LOD«—10V D69 L
‘PIOJ-T1 ueinw
oorypIwEW  pajoanp-aig uened ur [pp+LZV Aq parRRs X N Y-ss01) (surqenorez) Dpp  (LLAN) 10MqIU] [ SPISOS[oNN LOD«—10V D69 L
061 PUBASIZL “dOLY “D69L ‘TrLT ‘NEOT
M UOHBUIqWIOd Ul PIOJ-¢ 8T INq ‘(PI0J-G'1) (autsouepip)
Ootyoruretuy QUO[E 10940 MNI'T [PP + LZV £q parospps X N P99[dS PP + (SuIpnaopiz) 17V (ILIN) I0NQIUu] I 9pIsoa[onN LOD«—1DV D69 L
M,_. NEN SJUAWILIO) OAIA  OXIA Y-SSOID) IO punodwo) sse[) a3uey) J3uey)
up Ul P[RS Sniqg uopo) pIOY ouruy
LA T-AIH

SMaIASY




SMaIASY

95

in HIV-1 RT

10nS In

Drug Resistance Mutat

K1AnoE I3 Uo uonenw gO61H

96UWIALY]  JO 109)J0 oAneSoU 10§ sajesuadwo) |, A PAIRS L60 A9H  (ILINND 1onquyup 1y oyroads [-ATH VLL<—VLD ISLA
SQUO[O JUAIRIP G Ul
66PTEYORY U9 Inq ‘sofessed 7] Jo)e PIOJ-9'T |, A PIIPS 210P(-) (IIYND 101qIqU T SpTSOs[onN VIV<+VLD ISLA
ooy & A PAIIPS L60 AGH  (ILLINN) 10quyuf 1y oyroeds 1-ATH VIO+—VLL AVL1
oorwuzedq 9OUBISISII PO}y ¢ A PIIRS DXd (1IN T01qIqU 1y SpTSOos[onN VIO+—VLL AVL1
uoneINW 90UL)SISAT
161B[DIS LZV ASICL JO 109)J9 osleAdr uen A N Pas[es (sutsoueptp) [pp (LLYIN) 101quyuy [ 9p1sos[onN VIO«—VLL AVL1
SIIIA
161128 PIOS[S-IPp 03 JUBISISAL P[OJ-0]—C A N ¥-sso) (surqorez) Hpp (1IN 101qIqu 1y SpTSos[onN VLO«-VILL AVL1
Sofey QOUBISISII P[OF T & A Y-sso) OpP-0[24d ILIN VIO«+—VLL AVLT
PIoJ-T'01 ‘A¥8IIN
L63IBPSIL  /AYLT/YS9N ‘PIOF-9°E AVLT/ASOT N A PARIRS (11aBoRQE) 68NT6S 1 (LLYIN) 101quyuy [ 9p1sos[onN VIO«—VLL AVLT
96WIar3] & A PAIRS L60 A9H  (ILINN) Ionquyuf 1y oyroeds [-ATH VIV<=VLL IvL 1
‘Ade1ay) uoneuIquIod (aurpnae)s)
6699UIMET] LyP + OPp uo judned ouo ur udg X & PAOPS  LpP + (Suisouepip) pp aprsodponN odnny VOV—VVV SOLA
oW PIoJ
‘1619pIeT ‘681opIR] -0CT :06ITN/ASTCL/I0LN/NLOA A A PAR[S (sutpnaop1z) 17V (LLYIN) 101quyuy [ 9p1sos[onN VOV<«—VVV d 0L
‘Adeay) VHIAJ uo syuen
8GRI ‘96UOITULLIDYD -ed ur uoos os[y -omia ur poj-6 X A PAIRS (Fra059pe) VAN (IIYN) T01qIqU 1 SpTSOos[onN VVD«VVV 0L
*90UR)SISAI
96UOIBULLIOYD  P[OJ-/ SIOJUOD SIIIA PAIIES-VAIN ¢ A Y-sso) (surpnarwey) DIE (LLYIN) 101qIyuy [ 9p1sos[onN VVD«—VVV 0L
(Jue)sisar
6619pIe] A N Pa1ses Snap-npnw) YANW aprsodponN odnny SUL—LIJV DA+S 69 L
"VHIANd Put DLE DPP ‘IPP
‘LZV :0) 20UBISISAI P[OJ-H< SIJUOD) (queysisax
8OSINUIM 'siuoned pajean K[iaeoy ur useg X & P3109[9§ Snap-npnw) YAW aprsodponN odnny LOL DIV + LOL«—1LIV SL+S 69 L
(Jue)sisar
poruoIySIng X L padPS Snip piaw) YAW aptsoaponN S[dnA LOD DDV + LOL+LOV DL+S 69 L
‘'VHIA Pu® DLE DPP ‘IPP
‘LZV 0] 90UBISISAI P[OJ-< SIQJUOD) (queysisor
86STIUIM 'siuoned pejean A[iaeay ur useg X & P39S Snup-ninw) YAW aprsoa[onN odnn IDL 1OV + LOL«—1LDV SS+S 69 L
‘'VHIA PU® DLE DPP ‘IPP
‘LZV 0] 90UBISISAI P[OJ-< SIQJUOD) (queysisor
86STIUIM 'siuoned pejean A[iaeay ur useg X 4 P339 § Snup-nnw) YAW aprsoa[onN ddnn IDL DOV + IDL«—1DV SS+S 69 L
sjoy SJUOWWO)) OAIA OXJIA Y-SSOID) IO punodwo) sse[D J3uey) a3uey)
ul  ul  PpoIRS Sniqg uopo) pIOY ouruy

LA T-AIH



z61opIe] METH YIM UONBUIQUIOd UL PUNO] A PIAI0J[AS €16289 O4IL  (LLMNN) 1onquyu] 1 9y10adg [-AIH VIV« VLL 1001 1
ogeluLEZEg ‘CESIO[OIN  SUODEINUI dURISISAI [ZV JO $100)Jd sassaxddng (X paloojes 0S178¥ O9IL  (LLINN) foNquyu] [y 9y0ads [-AIH VIV VLL 1001 1
gosouIkg siwened urjoN N A paIoojes 199°L69-1  (ILLINND 10quyuf Iy oyads [-ATH VIV VLL 1001 1
PIOJ-000°1 :D18TA/A6LIA/MO0TT
001erPYdTYg *PI0J-000°T “T8OTA/IO0T T *9OUISISAI [AQ]
‘9EMOISUIA ‘G6TUNOK -YS1Y 10J POPISU SUONELINW JO SUONEUIQWIO) X K PAVPS  (ZUdIIABJR) 997-dINA  (LLINN) 1oNqryu] [ 9510ads [-AIH VIV VLL 1001 1
€EUBLIYOTY A N pawops (ourdensou) £86-DY-19  (LLMNN) 10qrqu] [¥ oyadS [-ATH  VIV<«—VLL 1001 1
T6MBYORASDNSEA ‘PEAIULIRZ[RE & A PAOIPS H70788-N AVHE  (LLMNN) 101qryu] 1 9410adg [-AIH VIV VLL 1001 1
g6souIkg A N PIJPRS 1992691  (ILANN) Ionquyu [y oyoads [-ATH ~ VDO«—VID D 86 V
suonejnu
seuellpayoe], Q0UB)ISISAI JZV JO S109p9 sassaiddns Afjenred N A Pa19919S (Joureoso)) vid  Jonqryuy 1y onSofeuy dreydsoydoikg VIV+—VLL 12 1
GeueI[payoR], SuonEBINW ADUBISISAI [ 7V JO S109J0 sossaxddng N X Pa19919S (Joureoso)) vid  Jonqyuy 1y on3ofeuy dreydsoydoiky  vOD«+—VVD M 68 4
T QJue)SISal
-~ 1 6peseid dLOPP 10J sauopd Iy Surusaros £q pare[os] N A M-Ss01D) (Jouredso)) vid  Jouqryuy [y ondofeuy Seydsoydoiky — vOO«—VVD D 68 4
m suonejnu
m GOSIO[PIN Q0UB)ISISAI JZV JO S1091)9 sassaiddns Afjenreq X N [SRIREIRIN (Joureoso)) vid  Jonqryuy 1y onSofeuy dreydsoydoikg DDL+—DDL S 88 M
g suoneInW 77V JO $109)9 sassarddns
2 C6SIONPIN  ‘Ved PUB LZV UM UONDJ[AS INJe PIAISGD A N PAI0d[dg (ouredso)) vAd  Ionquyuy [y ondofeuy eydsoydoidd  DOD«—DOL D 88 M
£ 90IoYIIAS Anpiqndoosns [IYN paseatou] X 2RIREIEN (LIMN) 101qIyu] [ 9pISos[onN M €8 A
m *90UR)SISAI [N Dnut
M sasned [G] ‘9O ‘GL ‘79 e suoneinw YIim uon (Jue)sisax
3 geeeselys -BUIQWIOD UI INQ 109JJ9 ou sey duole .. A N Pad[es Snup-nnw) YAW apisoafonN ddnn JLO+DILL TLL A
m P6A0e] PAREs-IHP N A ¥-sso1)  (Suiqeidinwe) D1d-(-) (LIYND tonqryuy 1y apisodonN VOV+—VLD L SL A
= P6Ka0E] PARES-LFP N A ¥-ssod (sutsouepip) [pp (LIYN) 101qIyu [ 9pISos[onN VOV«+VLD L SL A
m P6Ka0E ] PAREs-IyP N A ¥-ssoI) (suiqendrez) Hpp (LIIND tonqryuy 1y apisodonN VOV+—VLD L SL A
Wa 1P Suraresar syuoned
m 66Ul'T ‘p6A20eT Ul A[oIeI ‘OIIA U UONOJ[ES [P M PIAISSq) N X PaIoofas (ourpnaels) Ip (LIMN) 1031qIYu] ¥ 9pISod[onN VOV«—VID L SL A
pokaoeT PARES-IFP N A g-ssol) orp (LIMN) 1031qIYU] ¥ 9PISod[onN VOV«—VID L SL A
“Kderoy (ourpnaess)
6690UIMET]  UOTIBUIQUIOD [P + DPp UO Juoned duo ur usdg X PRIdPS  Iyp + (SUIqedfez) Dpp aprsoaanN A[dumy DIV«—VID W SL A
€OIYSOALY SOUIA f 9pe[D IM PARIOOSSY X N PAd9[es (suipnaeys) Ly (LIYND tonqryuy 1y 9pisodonN DIV+—VID W SL A
96WIALY & A PAdRRS L60 AGH  (ILINN) Jonquuy [ oyads [-AIH  VILL+—VLO T6L A
“AJUBISISAI [N Dnuwx
sasned [GJ ‘O[T ‘L. ‘T9 e suoneInwl Yirm (ueystsar
C6BYeSBIIYS  UONBUIQUIOD UL INQ )99JJ9 OU Sy duofe [GLA A N POJ[S Snup-ninw) YAW apisoa[onN ddnn VIV+VLO I SLA
% NEN| SJUQWILIO)) OAIA  OIIIA Y-SSOID) IO punodwo)) sse[) a8uey) a8uey)
uf uf P[RS Sniq uopo) proy ourury
LA T-AIH

SMaIASY




SMaIASY

[y
=)

in HIV-1 RT

10nS In

Drug Resistance Mutat

(auIpaiaon)

€68UBIA ‘G6SuryZ ISOTA M UOEUIQUOD Ul punog ¢ A PA9RS IDH 9¥000€-AT  (ILINN) 10)quyuf 1 oy1oods [-ATH ~ VVO«—VVV O 10T
0019[PYoRg A N pawops  (zuanaepe) 99z-dINA  (LLANN) 103quu 13 94ads [-ATH - VVO<—VVV O 10l I
Ayniqndoosns ordAjouayd pasea1oap yim
POSI0UISTUIA  PAIBIOOSSE ST UONEINW SIY) (M L[OST [BAMUID X A Y-sso) STIDNL  (LLYNN) IoMqmyul 1Y 9y1oadS [-ATH -~ VOD+—VVV d 101 A
gelutezieqg  P[OJ-OI ‘HIYID WM UONBUIQUIOS UL Palddfa§ N A PAVIRS 91-0N  (ILANN) Jonquyuy 1Y oyeds [-ATH  VIVVVV rior
Leyyong SOIIA Palod[as-18L-D(] 03 PIOJ-81 ¢ A Y-sso) 0r00N  (ILINN) JONQIuL [Y 9Y0ds [-ATH VYO« VVV g4 100 X
PIoJ
Leewong  -00S< ‘HIOIM/ISOTA/DI8IA ST oSessed kg ¢ A PAOIES 18£-0N  (LIYNN) 101qIyu] ¥ 9Y10ads [-ATH ~ VVD«—VVV 4101 A
pIoJ
egeMayONyg -8S :DISIA/AI0I ‘UOHBUIQUIOD Ul PIIVPS |, A PANIRS £6-DN  (LIYNN) 1oMquyul 1y oyoads [-ATH ~ VVD+—VVV g4 100 X
PIoJ
geruLezieq -001 < :HO61D WPIM UONBUIqWOd Uf pajddfes N A PAOIES 8¢-ON  (LLMNND 10Nquyu] [¥ 9Yads [-ATH ~ VVD«—VVV 4101 A
pIoJ
BgeMayONyg 00T ‘DISTA/HI0IY ‘UOHBUIQUOD UL pUnog A PANIRS 01-0N  (ILANN) 1onquu [ 2y12dS [-AIH ~ VVD+—VVV g4 100 X
yOXIomny [FAIH ¢ A PIAVIS 9LOASN Jonqryur [y 2annadwoduou VVO—VVV g4 100 X
gosouIkg A N P39Ie§ 199°L69-T  (LLMNND 1oMquyu[ 1Y oy1oadS [-ATH ~ VVD+—VVV q4 100 X
0073[aYdeg ‘G6IUNOX 06JI Ul 9sealdUl ploJ-LT A A Y-ssop (zuoniaeyd) 997-dINA  (LLINND 1oNQIUL 1Y 9Y1dS [-ATH ~ VVD—VVV g4 100 3
Leyayong SOUIA PJo9[es-[8L-D(] 01 PIOJ-CT ¢ X ¥-ssord  (durdernaou) /86-OY-19  (ILINN) 10qQuyu[ 1Y oy1ads [-ATH  VVO—VVV g 101 M
‘NEOTX (uipaiadie)
YA UONEIOOSSE Ul punog “Adesoty) uoneuiq d10¢L8-N dVHE +
8611WR(Q  -WOd [ZV + QUIPIAJE uo juaned ouo ur usds X i [SIREIEIN (uipnaopiz) 17V opisoafonN 2rdnny VVD«—VVV q 101 )
“JURINW PJIIIP-A)IS B Jsurese JUe)SIsal jou
gouewysny Inq ‘AIL[OST SNIIA B JSUTETE JUBISISAI P[OJ-0E< ¢ A g-sso) MAVAV  (LLANN) 100qyup 1y oyeds [-ATH =~ VVO«—VVV 4101 A
egeePPNYg PlOJ-g€¢< 19 dFessed | A PAIPS #8-0N  (LLINN) I0Mquyu] 1Y 9yads [-ATH VIV VLL 1001 1
2d£) prim 03 paredwos ‘Afoan
-o0adsar ‘ploj-OS1 Pue -G -¢'1 “-¢'T -L - £q
paonpar 788 A PUt DISTA MSEIH ‘VIOIA
q96uLRZ[RY ‘BYEIULIRZ[RE ‘NEOT ‘T001T SNSI9A [8L-D() JO ANAIDY |, A PANIRS 18£-00  (ILINN) 10NqQuyuf 1y oy10ods [-ATH ~ VIV<—VLL 1001 1
egeIayONyg PI0OJ-8GL (9 oTessed |, A PANIRS 0L-00  (ILANN) 1onquyuy 1y 2y1eds [-ATH  VIV+—VLL 1001 1
Selulezjeq QOUBISISAI PIOJ-0L ¢ A PANIRS 89-0N  (ILANN) 10hqryu] ¥ oy1oedS [-ATH  VIV—VLL 1001 T
NEN SJUSWIWIOD) OAIA  ONIA Y-SSOID) 10 punoduwo) sse[) J3uey) aguey)
up Ul pIddRs g uopo) pIoYy ouruy

LA T-AIH



HIV-1RT

ions in

Drug Resistance Mutat

98

SMaIASY

POURWIDLY ‘T6IopIe] XA X paoopg  (urdenaou) £86-OY-Td  (ILINN) J0MqIuI [ dyoadS [-ATH  VOD«—VID V 901 A
TOLIRYORADPISEA ¢ A PA9RS AP0C88-N AVHE  (IIMNN) IoMqmyu] [} d0y1oads [-ATH ~ VOD«—VID V 901 A
“ueInW
geuewysn) pojoomIp-o)Is € JsureSe paysal, PIOJ-EI'L (A U-SS0I) MAVAV  (LLINN) Ionquyul [ oy10ads [-ATH - VOD«+— VLD V 901 A
seluLezeq 0URISISAI P[0J-00I N X PAdd[es 70N (ILINN) 10MqIyul 1Y 94ads [-ATH VOV« VVV L€ol M
geeIEMmIM] ¢ X PAvOPRS €ST1-S  (ILINN) fonqmyuy ¥ oy1oedS [-AIH VOV« VVV L €0l M
A PAIPRS LLINN LIINN VOV—VVV L €0l M
OXN)IA UI PI)SA)
GOULSILIEH  S)UEINUI PI)OAUIP-AIS St [[oMm SE SIIB[OST [EdMUID X ¢ PSS LIINN LLINN LOV+—VVV S €01 X
9/ 1 deweqredory)
(1Auoyd) [Lozuaq(1Ayre
g0asIuey DISTA/NEOTY IsureSe ose Kouajod Mo ¢ X Y-Ss01) Axoudyd-7)-0  (ILINN) 10NqIyul [ oyroads [-ATH  VOV«—VVV ¥ €01
DISIA 10 d6LIA Ynm uon (surpitaom)
€6SUBIA ‘Ge3UBYZ  -BUIQUIOD UT PUNO ‘P[0F-00S ‘AGLIA/IEOIN ¢ A PAdeS IOH 9%000€-AT  (ILINN) JoNqIul 1Y 940ads [-ATH ~ VOV«—VVY  d €01 X
LeeposgojoLog A X ¢ (eutmarue) NGH-T  (LLANN) 103qIu I3 0YadS [-ATH  VOV«—VVV ¥ €01 3
g63ees A N pawdpes 199°269-1  (ILINN) Ioyqmyup 1 9y1oads [-ATH ~ VVO«—VVV O €01 X
seluLezeq AR R (RS EN 18-ON  (ILINN) foaquyup 1 9y1oads [-ATH ~ DVV«—VVV N €01 X
seluLezeq QUEISISAI PIOJ-¢ N X PAdd[es 01-ON  (IIINN) foaqmyup 1 9y1oads [-ATH  DVV+—VVV N €01 X
peelutezieg  poj-000°T < :DISTA/NEOTI 'OUOTE P[OJ-00I< ¢ A PAI09[AS €16¢8d OFIL  (ILINN) foaquyup 1 9y1oads [-ATH  DVV+—VVV N €01
Kdeoyjouowr
c6dees ‘gosouIkg [JIM UOUIOD JsoW DIYIA PUB NEOI X A Pawdpds 199°269-1  (LLANN) J03quyu[ 13 oyrads [-ATH  DVV«—VVV N €01 3
[6310qunN PIOJ-000°T < :DISTA/NEOIM ¢ X Pawdps €65°L69-T  (LLYNN) JoNquu I3 oyadg [-ATH  DVV«—VVV N €01 3
YN EN OAIA Ul UOEINW JueUIWOPald [ A A (euumatue) NGH-T  (LLANN) J0NqIyu] [¥ oyads [-ATH  DVV«—VVV N €01 M
0049[9YoBg ‘G6SUNOX A A PpaoopPs  (zudrAeyd) 997-dINA  (LLANN) 10MqIyul I3 940ads [-ATH  OVV«—VVV N €01
FEUBWIYITY A N pawops (ourdenmsou) /86-O¥-1d  (ILINN) JoMqIYUL 1Y 9410ads [-ATH  DVV«—VVV N €01 X
.%Qmuoﬁ uoneurquod 1.7V + ALV uo
sjuaned ur udas os[y ‘Aderoyjououwr uo syudned (urpa1adle)
86191UA( [2I0AdS UT DIQ[ X UIM UONLIOOSSE UL punog X ¢ PAdd[as HI102L8-N dVHE  (ILLINN) Jonquyuy [y oyadg [-AIH - DVV«—VVV N €01 M
SOUBWIYSND)  JUEINW PIJOAMP-OYS B ISUESE PAISAL, 'PIOJ-87< (A Y-SS0ID) IIAVAV  (LLINN) Jonquyul [y oyads [-AIH - DVV«—VVV N €01
) A O RE N LLINN LLINN JVI—VVV H €01
.%Q.SQSOCOE UM PIAIISqo DIKTA
pue N¢OTY ‘o1 “Aderayiouowr uo juan (suIpI1AQIR)
86191 -ed QUO Ul DY XA UM UONBIDOSSE UL pUnog X  P3AddJes H102.8-N dVHE  (LLINN) Jonquyuy [y oyadg [-AIH - VVD«—VVV q €01 3
NEN SJUUWILIO)) OAIA  OJJIA Y-SSOID) JO punodwo) sseD a8uey) a8uey)
ug up  pAaRRS 3niqg uopo) pIoy ourury
LA T-AIH




SMaIASY

DISIA
o LEYOUONY (I UOTIRUIQUIOD UL “Y-P[OJ-GG Q[ oFessed kg ¢ K PaAID[AS 184-0N  (ILLINN) Jonquup [¥ 9yrads [-AIH  VIV+—VLD 1801 A
= By GAUILIEPURA PI0J-00I< X N  Pawods €168¥ OFIL  (ILANN) Jouquu] [ 2yeds [-AIH  IVD«—LLD 1801 A
(ourpararon)
g68uRIA ‘Ge3unyZ OI0I3 Wis UONRUIQWIOd UL punog ;X PadAg IDH 9%000€-AT  (LLINN) 1onquuf [y oy1oads [-ATH ~ VIV«—VLO 1801 A
gosouIkg A A Pa9g 199°L69-1  (LLMNN) 1onquyuy 1Y 0yadg [-ATH ~ VOD«—VID 1801 A
S6PIPS & A PR (eumarwe) NgH-1  (LLANN) Ionquyup [y oy1oads [-ATH VIO« VID 1801 A
'syuaned ur
0019YdRY ‘96MO[sUIA,  Apuanbaly paa1asqQ 'PIOJ-000°T [ISOTA/IOOIT & A (zuoniaeyo) 997-dINA  (ILINN) IoNQuu [ 9ads [-AIH  VIV<«—VLD 1801 A
POUBIYOTY X N paweps  (eurdenadu) /86-OY-T4  (LLINN) 10MqIu] ¥ oY102dS [-ATH VIV« VLD 1801 A
‘jueinuua
M gouewysn) PIOAIIP-aMs B ISUTETE PAISOL, POJ-4L9 i A YSSOID IIAVAY  (LLINND 10quyul 1Y 0y0adg [-ATH - VLV« VID 1801 A
n "uonoJuUI
W D ope[D Yim syuaned pajean-zualiaejo 9
= /€ ut pado[aasp OS]y ‘SnIIA D) 9pe[D Ul
= g0JouuaIg omssoid ZuoIiAejo 1opuUN ONIA UI PAJOA[AS X A PARPS  (zuanaefe) 99¢-dINA  (LLMNN) 101quyu] 1 940ads [-ATH  DIV«—OLD I 901 A
m g0ouuaIg A ¥-ssor)  (ourdeniaou) £86-O¥-19  (LLYNN) foMquuy [ 2ywads [-AIH - DIV«+—DLO W 901 A
b= (supiae[op)
k= goJouuaIg A ¥-ssorD 7S106-N1 dVHE  (ILINN) 1onquyup [y oyoeds [-ATH  OIV«—DLO N 901 A
m qg3ueyz A PaReg €LLOST-XUA LLINN 1901 A
2 uonoa[as
m LOWIY UONENUDUOD SnIp pasomo] Jopun sxeaddy ;X paodRg L60 AGH  (ILLMNN) Jonquyuy [ oy1ads [-AIH  VIV+—VID 1901 A
.w ad£) prim 03 paredwod ‘A[oan
ﬂu -o0adsar ‘p[oj-00T pue - T -¢'1 -9 ‘-T £q
g poonpar I8 A PUE DISTA “MEIH ‘VIOIA
a BQGIULIEZ[EY ‘qY6IULIEZIEE ‘NEOTY ‘T001T SSIoA 78-D(1 JO AMAMOY [, X Pawafesg 780N (ILANN) Touquu [ 9yeds [-ATH  VOO«VID  V 901 A
pIoJ
ecEAPPNg 991 :DISTA/VIOIA UONBUIQUIOD UI PV ¢, K PIIdd[es 69-00  (LLINN) fonquuy [ 2y1adg [-AIH  VOD«—VLID V901 A
T6topIe] & A Pa9RS €16289 O4LL  (LLINN) 1onquyu] 1 940adg [-AIH ~ VOO«VLD  V 901 A

THPOMIN Sutpniour ‘s, [LYNN 19410 0} JUeISISal
AySy syueinw 91dny pue 9iqno "DIYT A pue
Lesuewd[dd  JTOTT YHM U99S OS[Y "VIOIA SMO[[0F HETTd ¢ A PARI[RS (eurpexoumnb) 0zz-S  (ILINN) J0NqIUUL 1Y 9Y1oadS [-ATH  VOD+—VID V 901 A

gerIRMIM] PIOJ-L8¢ “ILTT + VIOIA  § A PRRIRS €S11-S  (ILINN) Jonquup 1 9y1oads [-AIH - VOD«—VILD V 901 A

gorutezieq I A PRRIRS WP-NFA-d  (LLINN) JoNquup L 9y10ads [-AIH - VOD«—VILD V 90l A
NEN | SJUSUWIWO)) OATA  OI)IA Y-SSOID) IO punodwo) sse[D) aSuey) aguey)

uf Uy p9LRS Snig uopoD ploy ourury

LA T-AIH



"90UR)SISAI P[OJ-T '€
TEQTT/INSEIT "SeIpmis sisauadeinut AQ pauLiy
0oumoIg  -U0d ‘SISA[eUE UOISSAISAX ONSISO[ AQ paynuopl X N Y-Ssor)  (ZudriAeyd) 997-dINA  (LLYNN) IoNquyul 1Y oyads [-ATH - OLV«—VIV N S€T I
*90UR)SISAI P[OJ-G'H
TESTT/INSETT "soIpnis sisauageinui Aq pauniy
ooumorg  -uod ‘sisA[eue UOISSAIZAr ONSISO[ AQ paynuepl X N ¥-ssor)  (durdemaou) £86-DY-Id  (LLYNN) IoNquyul 1Y oyoads [-AIH  OLV«—VIV N S€T I
*90UR)SISAI P[OJ-()'
TESTT/INSETT "soIpnis sisaudgeinui Aq pauniy (QUIPIIAR[IP)
Qoumorg  -uod ‘sisk[eue UOISSAIZAI ONSISO[ AQ paynupl X N Y-sso1) 76106-N dVHA  (LLYNN) Jonquyup 1y oy1oads [-AIH ~ OLV«—VIV N S€1 1
*90UR)SISAI P[OJ-1'H
€8T T/ISEIT "sorpnis sisauageinui Aq pounty
ooumorg  -uod ‘sisA[eue uOISsAIZaI ONSISOl AQ paynupl X N Yssor)  (zZudxiaeld) 997-dINA  (LLYNN) JoNQuyul 1Y 9y10adS [-AIH VY V«—VIV T6€E1 1

m *Q0uBISISAI P[OJ-T'H
— €8T T/ISEIT "sarpnis sisauageinui Aq pounty
> ooumorg  -uod ‘sisk[eue uOIssaISar oNSISO[ AQ peynuopl X N ¥-ssor)  (durdermadu) £86-OY-Id  (LLYNN) IoNqryul 1Y 9yads [-AIH VYV« VIV TSET T
|
= *90UR)SISAI P[OJ-()'S
R= IESTT/ISEIT "sQIpms sisoudgeinur £q poutry (aurpIrae|ap)
z Qoumorg  -uod ‘sisA[eue uolssarSor onsISo[ A4q paynuepy X N ¥-Sso1) 7S106-N dVHE  (ITANN) 10Mqryuf 1 2yroadS [-ATH  VVV«VIV T SeEl I
um q9p3ueyz A PeIRPs YLLOSY-XUA LIANN Detra
= 90IYIIAS X [SeleEIEN (LLIN) oyqryuy [ 9pIsos[onn CRAD'
M K1ojesuadwoo Ajqissod
m LGeYRURL, QIR YOIYM JHITT I0/pue (JOLIA WM punog ¢ X PIDD[AS (autsouapo]) Ypp-A (LIMN) 10qIyuy ¥ 9pIsod[onN DOL+—D2D S6Il d
m SoepUBIIN APSTIA PUE VGOLL Yiim Suofe pajodes X PAIRIS LyPd- ¥ LIIN DOL+—D2D S6Il d
'z 903ueyz A PaIPS 8E9ETH-XIA Ionqrqur 1y I8IT A
ﬂu 903ueyz X PA09RS LYL6TE-XIA Ionqrqur 1y I8IT A
2 (XSTT/MOTT/NLY/TIH) PUNOISORG ONdUAT
= Jue)sISaI-17Zy ue ul juasald uaym (p[oj-gs—L)
00SSOMOH DL O} OUBISISAI JO S[OAQ] QIEIOPOW SIJUOD) X N Y-SS0ID (aurpnarwrer) DILE (LIMN) I0qIyuy T 9pIsod[onN LIV+—LLO I8IT A
*0uR)SISAI [N
nnur sasned [G ‘L ‘GL ‘79 e suonenuw Yim (Jueysisar
S6edeselys  UONBUIQWIOD UT INq 109JJ9 OU sey duOle X9T14 X N Paio[es Snp-nnw) YAW aprsoaonN a[dnny IVL—LLL A9IT 4
PIOJ-1T :A¥STIN/ASTIA/AYLT PIOJ
LGRIEPSIL, 0T :AVSTIN WM AGTTA Io/pue AL TS9O N A PRI9[eS (11aeoeqe) 68NT6ST (ILYN) 10MqIYU] 1y dPISOa[dnN LLL+—IVL d 61T A
903ueyz A PeRPs 8EOC XA Toyqryur 13 STILD
903ueyz A PaRPs LYL6TE-XIA Jonqruyur 1y STILD
S
w DEN| SJUQWILIO)) OAIA  OINIA ¥Y-SSOID) JO punodwo)) sse[) a3uey) a8uey)
u[ u[ S bRIEIN Snig uopo) pIoy ourury
LA T-AIH

SMaIASY




SMaIASY

—
=
—

in HIV-1 RT

10nS In

Drug Resistance Mutat

€OSeUNIZO[an A I RE N Odra@) DA¥P-p (LLYN) T03qIyu] [ 9pISod[onN OLV<—DVD W ISI O
Adexay Snipnnuw
uo juaned ur pod[es uoneINwW [IYNN pue (Jue)sisax
goroonjoed LLYN [i0q 0} 90UBISISAI SNIp DIOW SIOfU0d X X Paldd[es Snup-nnuwr) YAW aprsodponN s[dnm OIV«—OVD I SHT O
yoroonjoed JNSHTO 01 Je[IWIS S[OAS] dUEISISAY K X Y-$s01) opIsod[onu-nnur LLINN/ILIN DLL—DVD TSI O
S99 H-LIN
goeaodruysey  ur pasessed YAH[-AIH JUBISISAI JO UONISPS [ A PAIOS[RS (sursoueprp) [pp (LLAN) 1031qmyu] LY SpISod[onN Sevl d
geuuezieg  PIOJ-0 :ITOT3 WIM UONBUIQWOD UI PAJOSRS N A PIIOSRS 91-0N  (ILINN) Jonquul [ oyroads [-ATH ~ DVD«—DDOD 4 171 D
SLLINN 1oyio
ageIaYNg 0] JUBISISAI-SSOIO JOU NG AOUISISAI POJ-0L< [ X PIAO[AS v oprjouere)  (JIMNN) JoNquu LY 9410adS [-ATH VIV« VOV 1661 L
‘JuBINW PIJOAIP-AJIS B Jsurese pajso)
gEUBWIYSND) 10U INq ‘JB[OSI SNUIA € JSUlESE JUBISISAL POJ-8C [ A Y-Sso1) IIAVAV ~ (LLINN) 103quul 1Y oy13dS [-ATH VIV« VOV 1661 L
SeluLezeq ¢ A PIIPS ¥8-DN  (ILINN) Jonquul [Y oyroads [-ATH  DVV<—DVD M 8€1 A
ad£) prim 01 paredwod ‘A1oan
-oadsar ‘p[oj-00g Pue - ¢ -6’1 -9 ‘- £q
poonpar 7I88T X PUE DT8TA “SISETH ‘VOOTA
eggluLIEZ[Rg ‘qogIULIEZ[eg ‘NEOT ‘IO0TT Snsioa 8-D() Jo AMAdY (X Pad[es 780N (ILINN) Jonquyul [y oyroads [-ATH - OVV«—DOVD M 8¢l d
QOUR)SISAI [RIIA OVS., SIQJUOd
qgelutezieq ‘egplutrezieg  sjuoned QATRU-QVSL UL (DDD 01 HVD) V8EIA ¢ K Paldes OVSL  (IIMNN) fonquuy [ oy1oads [-AIH  DVV«—DVD M 8¢l d
ogpruLIEZIRg I00TT YIM UONEUIqUIOd U pUnog ¢ K PIJdJ[Ag €16788 O4IL  (ILINN) Jonquup 1y 9yoeds [-AIH  DVV«—DVD M 8¢l d
SUONBNUIOUO0D D I.€
oggluLIeZieg  MO[ JO 90uSsdId JUBIWOOUOD Yy Ul paurelq) N A PIRI[RS (summanue) Ngg-1  (LLINN) 103quyul 1Y oy10ads [-ATH - DVV«—OVD M 81 d
sjuaned aareu Aderoyy OVSL
oowayReTUEA Ul QVSL 03 Anpiqudeosns Suonpar uonenyt X N P[RS OVSL  (IIMNN) Ionquul [y 9yoadg [-ATH ~ DJD«DHVD  V 8¢1 d
*0UR)SISAT P[OJ-G'T
TEQTT/LSETI "so1pnis sisauageinui Aq pauniy
ooumorg  -uod ‘sisA[eue UOISSAIZAI ONSISO[ AQ paynuep] X N Y-Ssor)  (ZudrAekd) 997-dINA  (LLYNN) JoNquyul 1 oyoads [-AIH VOV« VIV LSerl
*OUR)SISAT P[OJ-1°¢
€8T T/LSETI "sorpnis sisaudgeinui Aq pauniy
ooumorg  -uod ‘sisk[eue uOISsAIZar oNSISOl AQ paynuepl X N ¥-ssor)  (surdemadu) £86-DY-Id  (LLYNN) JONQIUUL 1Y 9Y103dS [-AIH VOV« VIV LSerl
*QOUR)SISAI P[OJ-8°C
TESTT/LSETI "SAIpmIs sIsouageinur £q pawryy (surpIrAe[op)
Qoumorg  -uod ‘sisk[eu uOISsAIZAI ONSISO[ AQ paynupl X N Y-Sso1) 7S106-N dVHE  (LLYNN) 1oNquyul 1 oy13dS [-AIH VOV« VIV LSerl
NEN SJUAWIWIO)) OAIA  OXIA Y-SSOID) JO punodwo)) sse|D a8ueyD a8uey)
u[ ul  PpARRS Snig uopo) pIoy ourury

LA T-AIH



Kderayjouowr (auIpa11AdR)
g61orwo (M PIAIRSQO DIQTA PUE NEOIM HEOI A ¢ PA9S HI0TL8-N AVHE  (IIINN) fonqmyuy [y oyoeds [-ATH  LOL«+—IVL D181 X
961ISMIzZSEIS A ¢ PAQPS (eptA0]) VdV-0  (LLANN) 103quyu] 13 0yads [-ATH ~ IOL+—IVL D I8I X
SOUEWIYSND  JURINW PAIOAMP-ANIS © ISUeSe PAISAL ‘PIOJ-8T< ¢ A Y-SS0ID MAVAY  (LIINN) fonqyul [y 9yoeds [-ATH - LOL+—IVL D8I X
'SOAIRALIOP QualeyiydeuoipAyend) 1oyjo
LeeIeH SNOIOUINU 0) ADULISISAI SIOJUOD OS[e DIGIA A PAIIRS LELT  (ILINND onquyup 1y 0yads [-ATH  LOL+—IVL D I8 A
DISIA+I6LIA
#0810y UIA Jueinw o[qnop Suisn paisa) AFUEYI-PIo K K Y-SS0ID STIDNL  (LLANN) 1oMquu 1y oyads [-ATH  LLL«+—LLO d6LT A
g6souIkg A N pawepes 199°269-1  (ILINN) Ionqryup 1y 2yoeds [-ATH ~ DVD«+—LID H6LT A
BgplULIEZ[EY & A PaQS 01-ON  (ITANN) 1oMquul I¥ °o4ads [-ATH ~ IVD«+—LID  d 6LI A
M PGOUWEPUBA PI0J-0T A N  PaIoops €678 OFIL  (ILINN) Ioquyup 1y 2yoeds [-ATH - IVO«+—LLO  d 6L1 A
) “d-PIOF OF1-ST
Z SGMNOIANA OIE SOANPALIOP-(ILL IOYIQ IUEISISAI PIOJ-0f (A PaIg 1ZS96NO  (LIMNND 1onquyu] 1 9yadg [-ATH - IVO«—LLD  d 6L] A
m PIOJ-000°'T < :DISTA/AGLIA (ourpataom)
- €65UBIA ‘GeuryZ  (DISTA 10 YEOT WIM UONEUIQWIOd UT punog ;X Paado[es IOH 9%000€-XAT  (ITINN) 1oMqryuf 1Y °yrads [-ATH  IVD«+—LID  d 6LI A
.m geseuIkg A N paoepes 199°£69-1  (ILINN) Ionqmyup 1y oyoeds [-ATH  IVO+—LLO  d 6LL A
m pIoJ
m 96MO[SUIAY <0001 :DI8TA/A6LIA/IOOIT PUOe PIOJ-T] ¢, X PA0OPS  (ZUdNAB) 997-dINA  (ILANN) Ionquyuf [y oy1oads [-ATH  IVO«—LLD  d 6LI A
® QOEUEWIYSND  JULINW PAJOAIIP-ANIS © ISUILSE PASAL PIOJ-8C (A Y-SS0ID IMAVAV  (LANN) fonquyup 1 9yoeds [-AIH - IVO«—LLD  d 6L1 A
m ‘PIO} (ourderian)
2 8GMNOTANA Q1 'SMUIA PAJOS[AS-[ZGYGINO IsUreSe paysal, ¢ X PaIo[es O4IL-010[y2-g  (ILINN) Ionqryuy 1 oyoeds [-ATH  IVO+—LLO  d 6L1 A
M SoepueiN APSTIN PUE SGTTd Wim SuOfe pajde[es (X Palddes LyPd-.+ LINN VOD+—VIV V91 L
o0 suonenw 7V JO 10959
Dm S6SIO[PN  sossaxddns :p[oj-6 :XA80TH/TI91O QUO[E P[0} X X PIAdd[es (PuIeds0)) Vdd  Jouquyu Ly ondofeuy apeydsoydoikd  VID«+—VVO 1191 O
‘AIH ut o3ueyo
Surpuodsa1109 Jo jueinwi apeuw {(S9S1d)
66WIuIg ALL 1A sjuowipdxo uonooes woly punog N A Y-Ssor) (ouipnarwe)) DLE (ILAN) Ionqryuy [y 9pIsod[onN VOL—VDD S LSTd
Geuetlpayoe], N X PaIoops (PuIeds0)) Vdd  Jouquyup Iy ondofeuy speydsoydorAd  VOD«—VIL  V 9SI S
PIOJ-01 < L¥P “PI0J-0T DPP “PI0J-0S IPP
PIOJ-061< LZV ISTO/AQT T/ TLLA/ISLA
JATOV :suoneinuwl I9ylo Inoj Jo suoneurquiod
1M UOIBIOOSSE Ul Punoj ‘(Inddo 03 IsIy) uon (Jue)sisax
COVMESEIIYS  -EINUW OOUBISISAI [[Y OPISOR[ONU D[NUI [EJOAd X N PaIoo[as Snup-ninw) YAW apisoa[onN adnn DIV—DVD W ISI O
m NEN SJUAWIWOD) OAIA  OXIA Y-$SOID) IO punodwo)) sse|D aguey) a8uey)
ug up  pAadRRS Sniq uopo) pIoy ourury
LA T-AIH

SMaIASY




SMaIASY

seluLezieg & A ¥-sso) 18-00  (LLANN) fonquyup 1y 9yoads [-AIH - LOL«—IVL O 81
egeIAPPNG Pl0J-81 9 98essed ¢ A PARPS  (SLP6£9 DSN) 08-ON  (LLANN) fouqmyup 1y oyoads [-AIH  LOL«—IVL O I8I
Lenoydong U-Po-06 sgosessed kg (X PadRS 182-0N  (LLANN) Jo3quu [¥ oyads [-ATH  IOL«+—IVL O 18I
pIo}
Q egEIUONg  -991 :DTSTA/VIOTA ‘UONEUIQUWIOD UI PSS (K PIII[AS 69-ON  (LLINN) Ionquup 1Y oyads [-ATH  IOL«—IVL O 18I
- egEIAYNONg plOj-G :9 ofessed [ X PAId[AS 89-ON  (LLANN) Ionquyup 1Y oyads [-ATH  IOL«—IVL O I8I
egEIAYNONg pIOJ-¢G 9 dBessed | K PoNd[RS 186-0N  (LLANN) foqryup 1Y 9yads [-ATH  IOL«—IVL O 18I
IO}
egeIOUYONg  -8S :DISTA/AIOIY ‘UONBUIQUIOD UL PSS ¢ X PIAIDAS £6-0N  (LLANN) Jouquu I3 oyrads [-ATH  IOL«+—IVL O 18I
egEIAUNONg PIoJ-6v1-8 :9 oessed Ag ;X Pawed[es 8¢-ON  (LLYNN) Ionquyup 1Y oyads [-ATH  IOL«—IVL D 18I
egEIAUNONg plo}-8¢ 9 d8essed | X PAIAS 7e-ON  (ILINN) Jonqmul [y oyroads [-ATH - LOL«+—IVL D 181
pIo}
egEIAYNONg 00T :DISTA/AIOIY ‘UONEUIQWOd Ur punof ¢, X Pad[es 01-0N  (ILINN) Jonquup 1¥ oyoads [-AIH  LOL«—IVL O 81
= T61opIe] PI0J-000°T < :DISTA/NEOI & A PAWIRS €1678 O4IL  (ILINN) Jonquyup 1y 9yoads [-AIH - LOL«—IVL O 8]
-~ o/ oreweqIedoIy)
- (1Auayd) [Kozuaq(1Ayse
- goostuey OISTA/NEOTY IsureSe ose Aoudjod moT X Y-sso1) Axouayd-7)-0  (LLINN) JoNqryuy [ oyroads [-ATH  LOL—IVL D 181
m poXIOMNY & X PAVRS 9L0-3SIN Ionqryut [ sannedwosuou IOL—IVL D I8I
2 A6LIA 10 JEOT WM uoneu (outpa1aomn)
L €6SURIA ‘G6SUBYZ  -IqUIODd UT punoq :poj-000°1 < :DIBTA/A6LIA & A PaAR[es IOH 9%000€-AT  (ILINN) Ioaqyup 1 951oads [-ATH  IOL«—IVL O 18I
m Kderoyjouowr
m £63eES ‘gosouIlg UM UOWIWOD Js0uW DIYTA PUB NEOISI X A PAId[RS 1990691  (LLANN) JoNquul [¥ oyrds [-ATH  IOL«—IVL D 18I
3 [ 6312qunN PI0J-000°T < :DISTA/NEOI & A PAIRS €65°L69-T  (LLMNN) Jouquyuy [¥ oy1oadg [-ATH  LOL«—IVL O I8I
m LeeposgoloLog A ¢ ¢ (eumnatwe) NGH-1  (LLANN) J0Mqul ¥ 0Yy1adS [-ATH  LOL«—LVL D181
= (PI0J-S6<) DISTA uey
m PEULANSN oouelsIsar 10)eals S1OJuod(P[oJ-067<) D8YIA & A PA9AS Nda-9  (ILINN) onquyup 1Y oyads [-ATH - IOL«—IVL D 18I
= (PI0J-0S<) DISIA ey
m POUIANSN  (P[OJ-0ST<) AOUBISISAI IAJLDIT SIOfU0d DYYTA . A PAAIdd[AS NoSda-d4  (ILINN) Jonqmyul [ oyoads [-ATH  LOL+—IVL D 181
corunezied & X PSS Nga-d  (ILANN) Jonqrul 1Y oyoads [-ATH - LOL+—IVL O 181
ageIapPNg JeISISAI Pl0J-091 ¢ A PAIJAS NLdg-3  (ILANN) onqmuy [ oyoads [-ATH - LOL«—IVL D 181
O>m> ur
96MO[SUIA\  UOUIWOOUn poj-000‘1 :DITA/AGLIA/IOOIT ¢ A PAWIPS  (ZUAIABId) 997-dINA  (LLANN) 10Mquu[ I3 o4yads [-ATH  IOL+—IVL O 18I
€6SSERIN & X PaAdRS 9¢80° TSHANT  (ILINN) JoNqmyul [ oyroads [-ATH  LOL«+—IVL D 181
T6SIOPIN
‘TOUBWYIRY “poUeIyIrY A A paoops  (eurdenaou) £86-OW-1d  (ILINN) JoNquyup LY 9y1oads [-AIH  LOL«—IVL D 181
TOURYILAIPNSEA & X PAVPRS Hb0C88-N dVHE  (LLMNN) Joquyuy [y oy1oadg [-ATH  LOL«—IVL O I8I
NEN| SJUSWIWO)) OAIA  OXIA Y-SSOI)) JO punodwo)) Sse[) a8uey) a8uey)
uf ufg P1IJ[S Snig uopo) pIoy ourury

LA T-AIH



HIV-1RT

ions in

Drug Resistance Mutat

104

600 A A gsso) (suiqedrez) Hpp (LLYND JTonquyuy 1 9pisod[onN DID+—DIV A ¥8I N
001014e], PIOFTY APSTIN/ASON & A PA9RS (DLOP -/+) TS901-HO9 (LLIND Tonquyuy 1 9pisod[onN DIOD+—DIV A 81
18 Aep e pappe
SOEPUBRIN VSILL Pue S6ITd o[1ym 97 Kep Je pardepes X Palddeg LyPd- ¥ LTIN DID«—HDHIV AT N
2ImNnd
[[20 Ul U33S V1O mmcotmu:E QAJUeISISAI |7V
€600 ‘€6RBPSIL, ‘cEIZeuIyds Jo s1oapa ssoxddns ued [HRTIN PUe APSIIN A A Pa3d9[es (aurpnarurer) DILE (LIMN) 101qIyu] T 9pISod[onN DID«—DHIV AT N
PIOJ-TT :APSTIN/ASTIA/AYLT ‘PI0J-6
AVSTIN/AYLT “PI0J-8 APSTIN/IS9M “Ploj
LGOIEPSIL  -OT ‘APSTIN WM JGTTX Io/pue AL T/ISO N X Paldpes (11aeoRqR) 68NT6ST (LIMN) 101qIyu] T 9pIsod[onN DID«—HDHIV AT N
S6MopIeT ‘Leuamay  AwAnde ¥ pue Kioedes uopeorder paonpay X X PAIo9[es (aurpnaturer) DILE (LIMN) 10qIyu] ¥ 9pISodonN DOV«—HDIV  L#81 I
“JURISISAI SeM QUOTO SNONOAJUI INq ‘A TIN
BOORINWIYSOX 109[3s Jou pIp snilA Jo oFessed [euonippy ;A Y-SS0ID 689-TAO  (LLANN) JoNquu[ I3 oYrads [-ATH  DIV«—DILY 181 W
AVSTIA 199]0s
BOHORINWIYSOX 10U pIp sniA Jo oessed [EUONIPPY P[OJ-6 [, A PaAR[ES 689-TAO  (LLANN) JoMquyul I 94oads [-ATH  VIV+«—DIV 1481 N
BOEGRINWIYSOX SOIA PAIQ[RS-TAOD ¢ A Y-sso1) 609-TA0  (ILINN) Ioaqyup 1Y 9y10ads [-ATH  VIV+—DIV 1481 N
€61ZRUIYOS & X PA0OPRS  (duiqenonwe) JIA-(-) (LIMN) 10qIyu] ¥ 9pIsod[onN VIV«—DIV 1481 N
00PIeyory & A ¥sso) D410P(-) (LLIND Tonquuy 1 9pIsosonN VIV+DIV 181 W
00PIeydTY & X ¥-ssoD DAL0P(+) (LIMN) 101qIyu] T 9pIsodonN VIV«—DIV I1+81 N
001014e], sofessed O[> ur paees ;K Paed[es DLOP(+) (LIMN) 101qIyu] T 9pIsodonN VIV—DIV 1481 N
suonejnu ddueISIsal 17V
£608D ‘C6R[BPSLL, ‘g61ZeuIyds Jo s109)J2 ssarddns ueo [HQTIN Pue APSIIN X X PaId[eS (surpnarwre) DLE (LLYND Tonquyuy 1 9pisod[onN VIV+—DLV 181 W
F0SI90YIBUIA A A ¥gsso) STIDNL  (ILINN) Jonquup 1Y 9yoads [-AIH - LLO«—IVL A 181 A
Anqndaosns ordKjouayd paseardsp yim
$0SIP0YIOBUIA  PAJEIDOSSE ST UODEINW SIY) (PIM AIE[OST [EOTU) X X Y-SS0ID) STIONL  (ITANN) Jouquyup 1 9y1oads [-ATH LIV +—IVL 1181 X
og9pIuLIRZIEq N X Ppawdps (eutmarwo) NGH-T  (LLANN) 10MqUu [¥ oyads [-ATH  LIV<—IVL 1181 X
Y6meyS woned ouo Ur paArRsqQ) X N paweopes  (eurderasu) /86-DY-Td  (LLMNN) 1ouqryu] [ oyads [-ATH  LIV+—IOL 1181 &
juoned pojean-ourderiaou
QUO Ul PaAIdsqo ‘OgLL pue surdenasu qvHI
0] Q0UBISISAI [OAJ[-YSIY ‘{JVHE UM SNIIA
poluLezieg pajenuw-nIQI A Jo yudunean rdjye pareaddy X X parodfag HY0788-N AVHE  (LIMNN) JoMqyul [ 9y12dS [-ATH  LIV+—IOL 1181 A
q903uryz, X PAd9es €LLOSY-XIA LLINN D IS8T A
egENaYNONg PIOJ-8II< :Godessed ¢ A  PAOIPAS $8-ON  (ILINN) Jonquup 1Y oyoads [-AIH - LOL«—IVL D 181 A
DEN| SJUQWILIO)) OAIA  OINIA ¥Y-SSOID) IO punodwo)) sse[) aguey) a8uey)
uy uf Pa109[aS Snig uopo) proy ourury
LA T-AIH

SMaIASY




SMaIASY

w
S
v

in HIV-1 RT

10nS In

Drug Resistance Mutat

poIWWEPURA A N Powoeg €1678¥ O4IL  (ILINN) Jonquyup Ly 9ytoads [-AIH VLL+—IVL 1881 A
001o[oydeg A paIooPs  (zuANIABIR) 997-dINA  (LLANN) J0NqIyu LY oyroads [-ATH (—IVL 1881 A
S63unox 06D1 Ul asealdur p[oJ-0001 ¢ A ¥ssor)  (zuamaAe)d) 997-dINA (ILANN) Jonquyup Ly 9ytoads [-ATH VLL+—IVL 1881 A
96ISMIZSEIS A ¢ PAwQRg (9puIA0]) VdV-0  (LLINN) JoNquyul 13 9410ads [-ATH  LLD/LVO+«—IVL T/H 881 A
ogpluLIeZ[Rg A G (O REIEN €1628¥ OdIL  (ILINN) fonqryup Ly 2y1oads [-ATH IVO«—IVL H 881 X
0019[ydeg X N paoops  (zudriAejo) 997-dINA  (LLINN) JoNqryuy Ly 0yroads [-ATH IVO«—IVL H 881 X
(auIpaiAye)
‘Ade1ay) uoneurquiod q102.8-N IVHL +
861o10Wa( LZV + ouipiiadje uo sjuoned omj ur punoy K PAIOIRS (suipnaopiz) 17V aprsoaonN a[dnniy IVO«—IVL H 881 X
JueINW PIJOAUIP-I)IS B Jsurese pajse) jou
goUBWIYSN)  Ing ‘AJL[OST SOIA B ISUIESE JUBISISAI P[OJ-8CI< (K Y-sso1) IMAVAV  (LLEINN) Ionqryup Iy 9yads 1-ATH IVO«—IVL H 881 X
coruLezieg & A Pawds Id9H  (ILINN) Jonqryul [ oyroads [-ATH IOL—IVL D881 A
P6USANSN  DTSTX UBY) 00ULISISAT IOJLIS SIOJUOd DYYTX ¢ A PII0IAg Ndg-34  (ILANN) Jonqryul [ oyroads [-ATH IOL—IVL D881 A
DI8IA
UBY) QOUB)SISAI 19)JBaIT SIQJUOd DYYT A NSdH
PEURANSN - Joj uoneinuwr Jueurwopard oy ST DYYTX (A PAOI[RS NPSdA-A  (LLANN) J03quyuy 1y oyroads [-ATH IOL—IVL D881 A
FEURIYITY X N popoeg  (eurdenaou) £86-D¥-T  (IIMNN) IoNqmuI [¥ dY1oadg 1-ATH IOL—IVL D881 A
“JueInu
goUBLIYSN) PRJORIP-aYS B ISUESE PASAL PIOJ-L09 i A U-SS0ID IIAVAVY  (LIMNN) Jouquyuy 1Y oy103dS [-ATH IOL—IVL D881 A
903ueyz A PaAoRS 8E9ETH-XIA Tonqryur 1y A V81
903ueyz, A PAoRS LYL6TE-XIA Tonquyut 1y A V81 W
F6UI[$S0D) SOIIA JUBISISAI-DLE O JUBISISAI POJ-001< ¢ A ¥Y-$so1) opPPd-1 (LLIND 1031qIyu] 1y 9pIsoa[onN DLO+—DHIV A V81
suonenuw 177V Jo Sj09Jd
€6°IEPSIL ‘¢61ZeUIyoS ssorddns ueo ApQTIN "9OUBISISAI P[OJ-00T< A A PSS (uIqenonue) DIA-(-) (LIAN) 1031qIyu] [ 9PISOd[ONN DLO+—DILV A 781 W
00PIEYITY QouelsIsal [AR[ YSTY [, K Y-sso1) DALOP(+) (LIAN) 1031qIyu] [ 9PISOA[ONN DLO+—DILV A ¥81 W
00PIEYITY Q0uEISISAI [AR[ YSTY [, K PadRd[es OAL0P(-) (LIAN) 1031qIyu] [ SPISOA[ONN DILO«—HIV A ¥81 W
66PIRYITY QOUBISISAI P[OJ-/—9 | K PANI[RS 210P(+) (LIAN) 1031qIyu] [ SPISOA[ONN DLO+—DILV A 81 W
00101&e], soSessed Og—GT Ur payoes X P[RS DLOP(-) (LIAN) 1031qIyu] [ SPISOd[ONN DLO+—DILV A ¥81 W
Ipp Surareoa1
760eD ‘TenD  sjuoned ur poAKdsqo A[orey OOUBISISAI PIOJ-G—¢ A A PA0IAS (suisouepip) [pp (LLIND 1031qIyu] 1y opIsoa[onN DLO—DIV A V81 W
NEN| SJUQWILIO)) OAIA  OINIA ¥Y-SSOID) JO punodwo)) sse[) a8ueyD a8uey)
uy uy P[RS Snig uopo) proy ourury

LA T-AIH



‘A1d 01 9[quadosnsiad
-Ay Inq ‘AJq pue JAN 03 JUBISISAI P[OJ-0[<

€oSueny S91B[0S JO aseqeiep Judned woiy uonenN X A ¥-ssor)  (ourderiaou) £86-DY-T  (LLMNND 10MQIyul [ 9Y10adS [-ATH  VOL«—VDD S 061 O
OXIomny 4 A PA9IS 9L0-JISIN Io)qryut 1y 2annadwoouou VOV<«—VDD d 061 O
96WIdNY  A6LIA WM UONOAUUOO Ul A[PAISN[oXd sreaddy ¢ A PA9IRS L60 AGH  (ILLINN) 10nquup 1Y 0y1eds [-ATH ~ VVO+—VDD 0 061 O
‘A1d 01 9[quadosnsiad
-Ay 1q ‘AJH pue JAN 03 JueIsisar p[oj-Q1<
€oSueny S91B[0SI JO aseqeiep judned woiy uonenN - X A Y-sso) (zuoriaeyo) 99T-dINA  (LLINND 10MQIU] 1 9Y102dg [-ATH ~ VVO+«—VDD 0 061 O
‘A1d 01 9[quedosnsiad
m -Ay Inq ‘AJH pue JAN 0 JUBISISAI P[OJ-01<
- €oSueny SAIE[0SI JO aseqeiep Judned woly UONLIN X A ¥-ssor)  (ouidenaou) £86-OY-T  (LIMNN) 10MQIu] 1Y 9Y0adg [-ATH  VVO«—VDD 0 061 O
> pIoJ
an Sotutrezieq -001 < HO6ID PIm UoneuIquod uf paRo[Res N A PARSLRS 8¢-0N  (LLANN) 10Mquyu 1y 0YroadS [-ATH  VVO«+—VDD q 061 D
= €6WIS & K Pa9PS  (suexoumb) 0z/z-S  (LLYNN) J0MQIU] 1Y 0Y1oadS [-ATH - VVD«+—VDD 061 D
m Kouayedwod uoneorjdar
um SoWIa [eIIA pue [ JO ANADOE DDRWAZUD SooNpay ¢, A PA9IRS L60 AGH  (ILINN) 10nquyuf 1y oyads [-ATH ~ VVO«—VDD q 061 D
3 00tereydeyq A N P9eg (zuoriaeyo) 997-JINA  (LLMNN) 10MQIU] 1Y 9Y0adS [-ATH ~ VVD«—VDD q 061 D
m ‘A1 01 o[qnedosnsiad
g -Ay Inq ‘AJH pue JAN 0 JUBISISAI P[OJ-O1<
..m €osueny SAIE[0SI Jo aseqeiep Judned woly UONLIN X X ¥-ssord  (durderaou) /86-OY-19  (ILINN) 10qQuyuf 1y oyads [-ATH  VVO«—VDD q 061 D
.w jueinww JO61O Yl Jo Aoed
& -ed uonesrdar ay) 103521 A[qissod suoneinw
Wa 96PAISW[O  [BUONIPPY "001< :AVITT/VOOCL/HO6IOD/I6ETL ¢ A PaRPRS (687701-N) dVHE-dVY  (LIMNN) 103quyu] 1 9y0adg [-ATH ~ VVD«—VDD q 061 D
a ‘ATd 01 9[qnadosnsiad
=Ky 1nq ‘AJH pue JAN 0 JueIsIsal p[oj-Q1<
gosueny saIe[0SI Jo aseqeiep Juoned woiy uoneInN X A Y-ssoI) (zuoriaeyo) 997-JINA  (LLMNND 1031quyu] 1y dy1adg [-ATH L+—VDD D 06l O
‘ATd 01 9[qnadosnsiad
=Ky 1q ‘AJH pue JAN 0 JueIsisal p[oj-Q1<
goSueny SAIE[OST Jo aseqeiep juoned woiy uoneINA X A ¥g-ssor)  (eurderaou) £86-OY-TH  (ILINN) Ioaqryup 1y dyroads [-ATH L+—VDD D 061 O
001o[eyoRg A N paoopsg  (zuamaAed) 997-dINA  (ILMNN) FoMqyul [ dyoedS [-ATH  VOD«—VDD V061 D
poUBYOLY A N paweps (duidensdu) /8¢-OY-TE  (ILENN) 10NQu] 1Y 0yradS [-ATH - VID«+—VDD vV 061 D
96WIo] JUBISISAI PIOJ-C ¢ A PARSIRS L60 AGH  (ILINND 1onquyup 1y oyoads [-ATH VIV VIO 1681 A
m sjoy SJUOWIWO)) OAIA OXJIA Y-SSOID) IO punodwo) sse[) a3uey) a3uey)
ul  ul  PpoYRS Sniqg uopo) pPIOY ouruy
LA T-AIH

smalney




SMaIASY

107

in HIV-1 RT

10nS In

Drug Resistance Mutat

TOWE[[AY ‘T6IopIET ‘68I0pIe PIOJ-0TT ‘O6ITN/ASITI/IOLI/NLOY A  PAI09[RS (eutpnaop1z) 17V (LIN) 1031qIyu] [ 9PTISOd[ONN OLL+—D0V d6IT L
S99 $-1LIN
goeaoyruyse  ur pagessed JAHI-AIH JUEISISAI JO UONIPS [ X PAII[AS Izv-ud (LLYAN) 103qIyu] [ 9pISod[onN LLL—LLD ERdrdAst
ST #-LIN
goeaoyuysey  ur pagessed SAHI-AIH JUBISISOI JO UONORES (X PIAOIes (surpnaopiz) 17V (LLYAN) 1031qIyu] [ 9pISOd[onN LLL—LLD d+IT1
‘suonen duelsisal 17V
190 pue AHSTIN YA UOTIRIOOSSE UT 90UR)ISIS (aurpnarwey)
gedwey]  -ox [enp DLE+LZV Sunenyoey wsiydiowdjod X Y-$S0ID) DLE + (PUIPNAOPIZ) L7V aprsoaonN s[dnniy OVV«—DOV M 11T YA
‘Aderoy) [ 7y peSuojoid 10)je sasLe
961MO0H  uoneiny pIoj-99¢ ‘ASTZ/MOTT/IOL/NLY/ T
‘96ueSIIEH ‘geeysursnny - ploj-6 ‘ASTT/MOIT/TIH PIOJ-Th ‘ASTT/MOIC A A PIIO9RS (surpnaopiz) 17V (LLYAN) 1031qIyu] [ 9pISOd[ONN DOL—DLL M O0ITT
suoneInw 7V JO S199J)
SGSIO[PIN  sessaxddns :p[oj-¢ :XA8OCH/TI9TO PUO[e P[o}-¢ A X Paawdpes (boureoso)) vid  Jouqryup Iy endoreuy ajeydsoydoild VLIV X 80T H
Q0UR)SISAT (surpnaruwrey)
godurayy [enp DLE+LZY Sunenjoey wsiydiowkjog X Y-$S0ID DLE + (UIpnAopiz) 17V aprsoa[onN ddnny IVL—IVO A 80T H
90I2YOIAS A REIREIEN (LLYAN) 1031qIyu] [ 9pISOd[ONN X 80T H
90IOYOIAS X REIREIEN (LLYAN) 1031qIyu] [ 9pISOd[ONN M €0C 9
Iayjoue
ur DI8TA Pue [80TA Pue juaned duo ur (zusm1A)3) 997-dING 10
GOUeNSEYSH 9P BOYIO  NEOIM UMM uondunfuod ur pajos[es uonesnw X ¢ padPg  (suideriasu) £86-OY-19 LLINN DVD«—DHDD q 961 D
‘AT1d 01 9[qnadosnsiad
-Ay Inq ‘AJH pue JAN 0} JUEISISAI P[OJ-01<
goSueny SOJe[OST Jo oseqejep Juoned woiy uoneIN X X Y-SS0I)  (ZudrAe)R) 997-dINA  (LLANND IONqUUL LY oyadS [-ATH  VID«+—VDD A 061 D
‘ATd 01 9[qnadosnsiad
-Ay Inq ‘AJH pue JAN 03 JUEBISISAI P[OJ-01<
goSueny SoJe[ost Jo aseqeiep juoned woxy voneny X X ¥-ssor) (ourdemsou) /8¢-DY-I  (LLINN) 10MQIUu] [ o410adS [-ATH  VID+—VDD A 061 D
*SUOT)RIIUAOUOD
LW SnIp mo[ yym uonddpes Suunp s;eaddy X parodpes L60 AGH  (ILMNN) Joquyul [ oy103dg [-ATH ~ VOV<«—VDD 1061 D
‘A1d 01 9[quedosnsiad
-Ay Inq ‘AJH pue JAN 0} JUBISISAI P[OJ-0T<
¢o3ueny SOJE[OSI Jo oseqerep juoned woiy uOnBIN X A ¥-SSOXD  (ZUANIAEJR) 997-dINA  (LLANN) 0MqIul LY oYads [-AIH  VOV«—VDD L1061 D
‘ATd 01 9[qnadosnsiad
-Ay Inq ‘AJH pue JAN 0} JUEBISISAI P[OJ-01<
¢o3ueny soJe[osI Jo aseqerep juoned woyy uopeI X A ¥-ssor)  (ourdemacu) /86-O¥-1  (LLANN) J0MqIUUL LY 0YadS [-AITH  VOV«—VDD L 061 D
00Io[oyoeg A N paoops  (zudnAesd) 997-dINA  (LLANN) J0Nquu I3 o4adg [-ATH  VOL«—VDD S 061 D
NEN SJUUWILIO)) OAIA  OJJIA Y-SSOID) IO punodwo) sseD a8ueyD a8uey)
ug u[  PpARRS Snig uopo) pIoy ourury

LA T-AIH



HIV-1RT

ions in

Drug Resistance Mutat

108

199°L69-T1 PU® €678 (auIpI1AQIR)
£6oyemang OdIL ourdeniaou o) ploj-01 Iy SOZNIsUdS (X Paos[eg A102L8-N AVHE  (IIMNN) Io3qmul [ 9y1eds [-ATH  LLD«—1DD 19¢Cd
*OPLITAO]
geeremin,g 0} AnapisuasiodAy sioyuod uonEnw SIYY, ;A PAI[RS €S11-S  (IIMNN) 1oMquyu] ¥ oyoadg [-ATH - DIV+—DILD 1+€C 1
‘Aderoy) (urpiia9ie)
uoTRUIqUIOd IZV/ALY U0 sjuened ur usas osye A107.8-N dVHA +
861w LETM Put HSYIA ‘HIOIM Juemed urusdg X N Pajos[es (suIpnaopiz) 17V SpIsoa[onN S[dnny VIO«+—VVD d€€T A
q903ueyz A DPAJPS 9LLOSY-XIA LLINN TLTCd
QUIPIIAB[IP 0) ANATISUIsIadAY S19)
ggeremin,g  -uoo uoneInw STy, ‘ploj-L8¢ ILTCA + V9OTIA ¢ K PAI[eS €STT-S  (IIMNN) ToNqmuy [y oyoeds [-ATH  DLD«—VLL T1LTT4d
F0SIR0YITUIA A A ¥sso) STIDOIWL  (IXINN) JoNqryul I oyroads [-ATH - DDL«—DLL DLTTd
pIoJ-L'¢
L6SUBWARd  'HSTTA/VIOIA JUBINW J[qNOP PAR[S-0TLT-S ¢ A Y-SSoI) 180N (ILINN) 1onquyu] [¥ oyoadg [-ATH  IVI+—LDD H Ste d
"DI8IKA pue
L6SUeWOd  TTOTT UM U23S OS[YV "VOOTA SMO[[0} HSZZd ¢ A PAI9Jeg (eurexoumnb) 0z2z-S  (ILANN) J0NqIUI [ oy0ads [-ATH  IVI«—1DD HStcd
PIoJ-L'S
L6SUBWAR  'HSTTA/VIOIA JUBINW J[qNOP PAR[S-0TLT-S ¢ A U-SsoI) (eummatud) Ngg-1  (LLANN) J0Nquyul 1 oy1oads [-ATH - IVD«+—L1DD H Stc d
PIoJ-0'¥
L6SUBWORd  THSTTA/VIOIA JUBINW J[qNOP PAR[S-0TLT-S (A U-ssoI) L60 AGH  (LLINN) Ionqryul Iy oyads [-ATH - IVI«—1DD H Stz d
00Io[eyoRg 'syuoned ur Apuanbary peAresq) X N pelRpPS  (zudxiaepe) 997-dINA (LIMNN) IoNqQryul I 9yadg [-ATH - IVD«+—I1DD HSte d
“Aderoy) (surpnae)s)
66°0UdIMET  UOoneRUIqUOd TP + DJPP Uo uco_umm QUO Ul UdS A b PARRS  LyP + Aoczﬁ_o_va PP QPISOI[INN o_mﬁ_sz DD 1L«+—VVV M 61T
“Adesoy uon (surpnaArurey)
6690UAIMET]  -RUIQUIOd DIE + LZV U0 judned omy urusdg X PAIdRRS DIE + (SUIpnAopIz) L7V aprsodponN o[dnmn VOV—VVV d 61T
‘Adexay) uon (aurpnaejs)
@moo:ohamA -m:E,EOU Lyp + U,Hm uo uCuEmQ oml E :uow A 6 Uuuoo—om Lyp + AQE_U:\LE&C U,Hm SPISOITINN Q—QE_DE <O<T<<< bel oﬁN M
TOWE[[Y ‘[6IopIeT ‘68I9pIeT] PI0J-0TT :O6ITA/ASITL/IOL/NLIY & & PAIRMRS (surpnaopiz) 17V (LLN) foyqryuy [y 9pIsoo[onN VVI—VVV [ X
SOUSPIIM A & PRRPS (11a050ud}) VAN LIIN IVV<—VVV N 61T 3
SOUSPIIM A & PARRS (11a050ud)) VAN LIIN VVD«—VVV qd 61T )
TOWER[[Y ‘[GIopIeT] ‘68IopIeT] N X Ppawgpes (suipnaopiz) 17V (ILIN) Toyqryuy [y opIsoo[onN VVD—VVV q6I¢
90IYIIAS X Pa103[es (ILIN) Toyqryuy [y opIsoo[onN 481t d
(A/IF8TIN) suone)
-nw DLE/DIA-(-) 10 (QISTATO0IT) suonenw
LLANN ‘(A¥LT) uonenw [pp & Aq pasiondl s
ASTCTL J0 10953d "PIoJ-0T1 :061TN/ASTTL
TOWE[SY] ‘]6IopIeT ‘68IopIe] FIOLM/NLYY PIOJ-0L—09 ASITL/TIVIN A A P33O9S (suIpnaopiz) 17V (LLIN) Joyqryu] Iy SpIsod[onN JVL+—DIV ASITL
NEN| SJUAWILIOD) OAIA  OIJIA Y-SSOID) IO punodwo) sse[) a8uey) a8uey)
uf uf [SRIbEIEIN 3niqg uopo) proy ourury
LA T-AIH

SMaIASY




SMaIASY

=)
<
v ‘suonenu ddue)
-SISAI [ZV plepuels pue ApQ[IN UM UOIBIdOS AoE—u:ﬁEm_v
g6dwoy  -se ur DLE+IZV 01 9OUBISISAL [enp SA[OB] X A Y-SS0ID DILE + (UIpnAopiz) 17V aprsoaponN ddnniy OVD«—DDD A e D
QuOo[e suoneINuI ASAY) JO YD
YIm udds ueyl AJH pue AT O} dOUe)SISAI
JO S[OAQ] 10y31Y 10Ju0d 01 DIYTA PUE NEOT
86SUBWI[R] ‘TOUESLLEH yia K[[eonsiSiouds sjoe osfe uoneInw SIYL, K X ¥-ssox)  (suidenasu) £86-O-1d  (ILANN) Jonquyup 1y 9yoads [-AIH LLL«—IVL d 81€ X
QUOTE SuoneINW I$AY) JO I
PIM TS Uel) AJH Pue AT O) 9OUB)ISISAT
JO S[9A9] JOYS1Y 19§u00 0} DIYIA PUE NEOIM (su1paiae[op)
e~ 86SUBWIO[] ‘TOUESLLIEH M A[eonsiSiouds sioe os[e uonenw SIYL, X X Y-SS0ID TS106-N dVHE  (ITANN) Ionqryup [y oyoads [-ATH ~ LLL«—IVL d81¢ X
m 9OBUS[ONIN A Pa129[og (ourpnaopiz) 17V (LIN) Ionqryuy [ 9pIsos[onN ocicd
> sel
m uopood Je suonenw s uonounfuod ur aoue)
£ -SISAI SIQJUOD) ’'SAIPN)s SIsauagenwt Aq pauLiy
2 00uUMOIg  -U0D ‘SIsA[eue UOISsaIZor ONSISO] A paynuAp X N ¥-Ssor)  (ZuoNiAByd) 997-dINA  (ILINN) 10quyuf 1y oy1oads [-ATH - LOV«—LLO 1€8C71
£ el
s uopod Je suoneInwW YIIm uonounfuod ur adoue)
Mu -SISI SIQJUOD) 'SAIpN)s SIsaudFenwi Aq pourLiy
® 0ouMOIg  -U0d ‘sisA[eue uolssaifor onsi3ol A paynuepy X N ¥-ssor)  (durderniadu) /8G-O¥-19  (ILINN) 10quyuf 1y oyads [-ATH 1OV« LLO 1€8C71
<
g Sl
..m uopod Je suoneInwW YIm uonounfuod ur doue)
% -SISATI SIQJUO) SAIPMIS m_mocomﬁze %Q pawIy Aoz_—u‘_;m—o—uv
ﬂu ooumoIg  -uod ‘sisA[eut uoissaifor onsi3ol Aq paynuopy X N ¥-Ss0I) TS106-N dVHE  (ITANN) Ionquyup [y oyoads [-ATH  LOV<+—LLD 1€8C1
m ‘Ade1oy) uoneurquiod (SuIpIIA)R)
_ LZV/ALY uo swoned ur uaas os[e A¢ezH pue HI107L8-N dVHA +
8611w HSSTA ‘NEOIM HIOIY 7uoned [ urusdg X N PaIodfes (eurpnaopiz) 17V aprsodponN ddnniy VOV+—VVV 18
‘Ade1ay) uoneulq (urp11Ad)e)
-Wod [ ZV/ALV Wis PIAISSQO OS[E HEETA PUE HI07L8-N dVHE +
8611w ‘H88TA ‘NEOIY ‘HIOIY uoned [ urusdg X N PaIod[es (eurpnaopiz) 17V aprsoaponN ddnniy VOV+—VVV 18
pOrAIYORH A A ¥-ssor)  (ourderiaou) £86-DY-19 LIMNN LOV—VVV S 8¢T M
ageIaYIONg AR G (SIRETEN LddH  (ILANN) 1onquup 13 oy1oeds [-ATH  LLD«+—1D 196 d
199°L69-"1 PUt €16Z8Y (su1p11Ae[ap)
g6oaman( O4IL ‘ouideladu o) pjoj-Q] LY szDIsues (X Paoojag TS106-N dVHE  (ILINN) 1onquyup [y oy1oods [-ATH  LLD«+—1D T19¢Td
NEN SJUAWILIO)) OAIA  OXIA Y-SSOID) JO punodwo) sseD aguey) a8uey)
uf u[  PpARRS Snig uopo) pIoy ourury

LA T-AIH



HIV-1RT

(Iaeoeqe)

R= H/deeeD/MO0ITT 680126ST + (quipnarwey)
2 009pte)  pue MQTZT Jo uotssarddns ALQTIN saES01qy X ¢ ¥-SS0ID DL + (QUIPNAOPIZ) 17V oprsos[onN dnmpn LIV+—1DV 198¢ L
um 90eUR[OIN X PRREIEIN (surpnaopiz) 17V (LLIN) 103qIyu LY 9pISO[onN S9LEV
E q903ueyz X Poo[es SLLOST-XIA LLINN I69¢ L
m 9OENUSONIN X SeleEIEN (eurpnaopiz) 17V (ILMN) J0Nquyu] LY 9pIsod[onN I69¢ A
m 9OENUSONIN X SeleEIEN (eurpnaopiz) 17V (ILMN) J0Nquyu] LY 9pIsod[onN A 09€ V
2 9OENUSONIN X SeleEIEN (eurpnaopiz) 17V (ILMN) J0Nquyu] LY 9pIsod[onN 109¢€ V
Rw 90ENUSONIN X SeleEIEN (eurpnaopiz) 17V (ILMN) J0Nquyu] LY 9pIsod[onN I 87 N
Wa 90ENUSONIN X SeleEIEN (eurpnaopiz) 17V (ILMN) J0Nquyu] 1Y 9pIsod[onN aseen
m 90ENUSONIN X SeleEIEN (eurpnaopiz) 17V (ILMN) J0NqIyu] 1Y 9pIsod[onN J6eeD

(11AeORQR)

68NT6ST + (surpnarurer)
00°pLED sadfyqns g-uou ur punoy X §  Y¥-ss01) DLE + (Suipnaopiz) 17v apisodpony Sdnnp DVDH«—DIDHDH CEIAR)

‘suoneinur ddue)

-SISAI JZV piepuels pue AHQTIN YIM UONRIOOS (qurpnArurey)
g6dwoy]  -se Ul DLE+IZV O} QOUBISISAI [Bnp SABI[OB] A A Y-SSOID DLE + (SUIPNAOPIZ) [ZV apisodpony Sdnnpy DVDH«—DIDDH €€ D

(11AeORQR)

68NT6ST + (surpnarurer)
00°pLED sadfyqns g-uou ur punoy X §  Y¥-Ss01D DLE + (SuIpnaopiz) 17v apisodpony Sdnnpy JQVD«—DDHD aceen

m NEN| SJUQWILIO)) OAIA  OINIA ¥Y-SSOID) IO punodwo)) sse[) aguey) a8uey)

uy uy PadJRS Sniq uopo) proy ourury

LA T-AIH

SMaIASY




SMaIASY

—
—
o
(TrAeuy[eu) ¢H¢1-Ov
gourpuerg X & PARPS  + (ABUOINREG-LY  (LLIN) I0NqIu] T3 9PISod[onN W S 1
courpuerg X & PAwRRg (maeurdor) 82¢-1V  (LLIN) Joyquyu] Ly SpIsodonN A0S 1
courpuerg X & PARRS (maeurdor) 82¢-1V  (LLIN) Joyquyu] Ly SpIsodonN V 87 D
(Trauyaw) €HE1-DV
courpuerg A & PORPS  + (IARUONNZEG-LAY  (LLAN) Jo3qryuy Ly 9pIsodonN A sy
(Iraeugeu) ¢H¢1-Ov
M gourpuerg X & PARPS  + (IABUOINREG-1Y  (LLIN) I0NqIu] 13 SPISod[onN [¢h 1
N (surpnaopiz)
W LZV+(ourpnarurey)
o courpuerg X & PIARPS DLEHIIARIRAR)68NTOST  (LLIN) I0NqIUu] 13 SPISod[onN d0ov
£ (surpnaopiz)
m LZV+(ourpnarurey)
.m courpuerg X ¢ PANVPS DLE+H(IIARIRAR)68NT6ST  (ILIN) I03qIyul [ 9pIsos[onN Msed
= SOuos[0) A {  PowIPS SpIsos[onu-Hnt LIIN VOV—VVV qsed
= (surpnaopiz)
m LZV+(ourpnarurey)
s gourpuelg A & PARPRS DLEHWABQR)68NTEST  (ILAN) JONQIUI LY 2PISOS[onN 30T Y
2 (sursouepip)
m IPp + (SuIpnArwey) DL¢
Wa gourpuerg X ¢ PARJRS + (euipnaopiz) 17V (ILIN) Ioqryuy LY 9pIsod[onN I11A
m (sursouepip)
IPP + (SuIpnArwey) DL¢
gourpuerg X ¢ PARJRS + (euipnaopiz) 17V (LLIN) Ioqryup [ 9pIsos[onN AOLI
(surpnaopiz)
J1Zv+(supnaturey)
gourpuerg X ¢ PANVPS DLe+H(IIARIRAR)68NT6ST  (ILIN) I03qIyul [ 9pIsoo[onN AOLI
SOU0s[0) A {  PowIPg opIsos[onu-Hnu LLIN LLO«—LLV A ST
(sursouepip)
IPP + (SuIpnArwey) DL¢
gourpuelrg X & PARJRS + (euipnaopiz) 17V (LLIN) Io3qryup [ 9pIsos[onN A ST
NEN| SJUQWILIO)) OAIA  OIJIA ¥Y-SSOID) IO punodwo)) sse[) a8ueyD a8uey)
uf uf Pa1d9[S 3niq uopo) proy ourury

LA ¢-AIH



courpuerg X & PAwdRS (ourpnarurer) DLE  (ILMN) J0Nqryuy LY SpIsos[onN A 8T N
(surpnaopiz)
LZV+(ourpnarurey)
gourpuerg X ¢ PARPS DLe+H(IIARIRAR)68NT6ST  (LLIN) I03qIyul LY 9pIsos[onN V €91 L
(sursouepip)
i IPp + (SuIpnArwey) DL¢
m gourpuerg X ¢ PARJRS + (euipnaopiz) 17V (LLIN) Ioqryup [ 9pIsos[onN H 291 X
> (sursouepip)
m IPp + (SuIpnArwey) DL¢
= gourpuelg X ¢ PowoPsg + (upnaopiz) 17V (ILMN) 10NqIyu] [ 9PISOd[onN W IST O
w POXIOMNY IS QANOR T-ATH AU} 0) 3SO[> punoj uonenjy ;X PAdd[eS 9L0-3ISIN Joyquyut [y apnedwosuou OVO«—DOD  dTII D
.m [-AIH ut ays Surpuiq [LINN Y 03 Jud]
m yoxzomny  -eambo uonisod e Z-ATH Ul punoj uonenjN X PeRd[Rs 9L0-3ISIN Joynqryut [y sannadwosuou D00+—20D d 101 v
= (Iraeugou) ¢H¢1-OV
3 courpuerg X ¢ PANVPS  + (MABUONNZEGLIY  (LLIN) I03qryup [ 9pIsos[onN d 66 1
m (IrAeuy[au) ¢HE1-OV
2 courpuerg A & POQPS  + (ARUONNGEG-LAY  (LLAN) Jo3qIyuy Ly 9pIsodonN LV
m (IrAeugou) ¢H¢1-Ov
Wa courpuerg X ¢ PANPS  + (ABUONNZEGLIY  (ILYN) I03qryup LY 9pIsoo[onN 11L A
5 (surpnaopiz)
a
1z v+(sutpnaturey)
courpuerg X ¢ PANVPS DLE+H(IIARIRAR)68NT6ST  (ILIN) I03qIyul [ 9pIsoo[onN S oL
(sursouepip)
IPP + (SuIpnArwey) DL¢
courpuelrg X ¢ PARJRS + (euipnaopiz) 17V (LLYN) Ioqryuy LY 9pIsos[onN S 69 N
(sursouepip)
IPP + (SuIpnArwey) DL¢
courpuelrg X ¢ PARJRS + (euipnaopiz) 17V (LLIN) Ioqryuy [ 9pIsos[onN d 99
gourpuelg X ¢ Powog (aeurdo) 82¢-LAV  (ILAN) J0HqIYUL LY SPISOI[ONN A ¥9 1
u S}y SJUQWIWIOY) OAIA  OJJIA Y-SSOI)) IO U::OQEOU sse[D owcmﬂU owcm:U
— H :
uf uf Pa1d9[S 3niq uopo) proy ourury

SMaIASY

LA ¢-AIH



SMaIASY

en
v
v

HIV-2 RT

ions in

Drug Resistance Mutat

SOU0s[0) A {  PowIPg SpIsos[onu-Hnt LIN VOV—VVV g €ece
gourpuerg X & PARRS (eurpnaopiz) 17V (ILIN) 103qIu] LY 9pIsod[onN aelcd
SOUos[0) A {  PowIPg SpIsos[onu-Hn LLIN LLD«—LLL 191 d
(sursouepip)
IPP + (SuIpnArwey) DL¢
gourpuelrg X & PARJRS + (euipnaopiz) 17V (LLIN) Io3qryuy LY 9pIsos[onN Tvicd
NEN SJUSUWILIO)) OAIA  OIIA Y-SSOID) 1O punodwo)) SSe[D a8ueyD a8uey)
uf uf Pa1d9[S 3niq uopo) proy ourury

LA ¢-AIH



SIV RT

£
72}
=
=]
£
2]
-
=
=
-5
%]
=]
2]
Ed
72}
‘B
)
[~
o0
=
S
=

LoAedwoyues A PAJ[AS (suipnaopiz) 17V IONQIUL ¥ 9PISOAONN AIS  DIV+—DHVD I ISI O

*9OUR)SISAI PASBAIOUL UT JNSAI J0U Op
vL6ARAWOYUBA  AQTT] Pue SEON 18 SISURYD ParIasqO ASTII

“BQEUOIBULLIYD) ‘9pAedwoyues pue S9N Aq pamoyjoy sy sieadde ¥sosI K ¢ SRREIEN (11A0§0U) VAN JoNqQIUU] LY 9PISOIONN AIS ~ VOV«—VVY ¥ §9 M

<
- SEN SJUSUWILIO)) OAIA  OIIA Y-SSOID) IO punodwo)) Sse[D a8ueyD a8uey)
u[ u[ PA1I[AS 3niqg uopo) pIoy ourury
LA AIS

SMaIASY




SMaIASY

w
v
v

Drug Resistance Mutations in HIV-1 Integrase

pojueyuoUUOG

€opueyRIRI

poIuejuaUUOg

€OPUBYRIRI

poiuejuaUUOg

9002quaYa3]

90%02quaYa3]

863urs|

9029qUATYIY

Q0UR)SISAI P[O] G SIJUOD

Anqndaosns ur

QSBAIOAP 1S9} O} AUOP SIAPNIS [BONAYI0Iq ATUO
Q0UR)SISAI P[O] G SISJUOD JuBINW

J[qnop ‘IS9TA YA uonounfuod ur pajodfas
Aniqndaosns ur

9SBAIOAP 1S3} O} AUOP SAPNJS [BOILAYI0Iq A[UO
Q0UR)SISAI P[O] ¢ SISJUOD JuBINW

AIqnop ‘I6HTA YA uonounfuod ur pajodfes
"T-LHA pue [-LHQ Jeded sy ur paqriosep

aIe 0M] (SIOJQIUUI JO SOLIAS [AOU € A1k STHJ
"90UR)SISAI P[O] €€ UBY) 1JLaIS SIOJU0d SGGTN
JAESTS/I99L siuenur J[dLr) S[IyM 0UBISISAI
PIOF ST—LT 19ju0d SCCIN/I99L siueinut o[qno
"T-LHA pue [-LHQ Jeded sy ur paqrosep

aIe 0M] (SIOJQIUUI JO SOLIAS [AOU B A1k STHJ
"90UR)SISAI P[O] €€ UBY) 1JLaIS SIOJU0d SGGTN
JAESTS/I99L siuenur [dLr) S[IyMm 0UR)ISISAI
PIOF GT—LT 19ju0d SCCIN/I99L siueinut o[qno
YIMOIT snIIA sojenuale A[P[IA "oseId

-3)uI JO 2100 JNATLIED S} UI PIJLOO[ UOHBINIA
"T-LHA pue [-LHQ Jeded sy ur paqriosap

QIe 0M] (SIONQIUUT JO SOIAS [9AOU © oIe STHJ
"90UR)SISAI P[O] €€ UBY) 19)eaIS SIQJU0d SCGIN
JAESTS/I99L siuenur o[dir) o[IyMm 0UR)SISAT
PIO} ST-LT 12Juod SCCIN/I99L swuenwt a[qnoq

A

Pa109[es

Jd-sso1)

[REIREIEIN

A-sso1)

[REIBEIEIN

3 sso1)

3 sso1)

[RRIREIRIN

3 $s01D)

1¥Zd
(sproe 01YIp-¢)) V3IA

1¥Z4
(sproe 03)1p-g) V3IA

1vZ4

uaydorypAxoIpAyIq

uaydorypAxoIpAyIq

POV OL0OIYD-T

(LHD
suaydonpAxoIpAyIq

J0)IqUyuT seISAuy

Jo)Iqryur dseISojur

J0)IqIyuT AseISuy

10)1QIyUuI 3seIayur

Jo)qryur dserSouy

Jo)IqIyu] 9ser3ojuy

JO)qIyu] 9ser3ojuy

J0)IqUyuT AseISAuy

J10)1qIyU] 9seIsoiuy

A 08C DO

S 08¢ D

16VC A

681 4

1991 A

S SCIN

A €Sl S

DOV«—DHD SOorlE O

199 L

s}

SIUWWO))

OAIA

U1

onIA

Ul

Jd-sso1) 10

REIREIEIN

punodwo)

sse[)
Sniq

a3uey)
uopo)

a3uey)
plOy outry

aseadau] 1-AIH



L6RISH e961sH uoisay dooT A AN A pa1ooRs  (dleydns uenxop) @ Jonquyup Surpuig/uoisng  IVV<«—I1OV N €Il S
"PIOJ-ST LLYE/UOBRPALIEHIE
86SI0USS  /AE6T/ASST/HBLT/ACOT/ISKT/ISHINKEI/NO0T ¢ K ERIREIENN 01-4dS  lonquyuy Surpuig/uoisny  OVV«—IVV 3 901 N

-LL8E/UONR[PALIE—YIE

86SI0USS  /AE6T/ABBC/HSLT/AO9C/ISYT/ISYIINYEL/AO0T ¢ A JUBISISY SSOID
PI0J-01 -LL8E/UONSPALIE—F9E

86SIOUSS  /AE6T/AB8C/HSLT/A69C/ISYT/ISYIINYET/A90T & A JUBISISIY SSOID

PIOJ OT -LL8E/UONSRALIE—H9¢E
86SI0USS  /AE6T/ABBC/HSLT/AO9C/ISYT/ISYIINYEL/A90T ¢

SOTI QBN IoNqIyu SuIpuIg/uoisny  DVV«—IVV 2 901 N

00TE-N[  IoNqryu] Surpurg/uoisng  HVYV<«—IVV A 90T N

€9LT N[ IoNquyuf Surpurg/uoisng

>~

JUB)SISOY SSOID DOVV«—IVV 2 901 N

L698501qe ] i A Pajodes [19€01¥d¥  Jonquyul Suppuigyuoisny — DOV«+—OLV S #8 I
Qouanbas snsuasuod [y [-AIH oY) Ul
Z01A  Judsaxd st jey) 93uBYD QANBAIISUOD B sjudsaidar X Po109[eS (episnyejuad) 0z Jouquyui Surpuigyuoisng  DIV<«—DILD 169 A
2 goury ‘octdS wruonmnN ¢ X ROSEIEN £/088Y-SING  Ioyqryuy Sutpurg/uotsng V 89 A
= SSQUIY [BIIA JO UONONPaI
-
= orSuoryo]  3uons Ul SHNSAI YOZIN/ASHI JueIMW d[qnod ;A REIGEIEN LSIN I0)qIyuT UoIsNy LIO—LLY A 8P 1
= Z01om X REIGEIEN (episnyeiuad) 0z 1onquyul Sutputgyuoisng  DIV«—DOV N 9% d
= POOZUSI X REIGEIEN (9pna1anjuo) OZ.L I0)qIyut uoIsny DIV«+DLL W St 1
m POOZUSI X i REIGEIEN (9pna1AN§u9) OZL IoNqIyul Uotsny OIV«+DLL W tv 1
b= POOZUSI X i REIGEIEN (opna1Anuo) OZ.L IoNqIyur Uotsny OVO—IVY  d € N
-
Mu POOZUSI X i REIGEIEN (opna1Anjuo) OZ.L IoNqIyul uotsny J0V<OVV L v N
N POOZUSI A i Paodes (9pna1Anuo) OZ.L IoNqIyut uosny OVD+—OVY  d T N
&
g Z01oM siuoned U Q9ED YIM UONBUIQUIOD UL pUno} X ESERIEIN (episnyeiuad) 0z 1onquyuy Surpurg/uolsn,g d 66 O
m *9due)sISal J9Juod 0} HEOmOHQ
Rw 86wy oq Jsnur suonEINW NYEA PUE SOED Wod (A REISSIEN (episnpeiuad) 0z Ioyqmyuy Supurg/uotsny  DIV<—DID N S€ A
o0 Z01oM X X REIRSIEN (episnpejuad) 0z 1oyqmyup Supurg/uotsny  DID«—OLO  V 8€ A
a Z01oM X REIREIEN (episnyeiuad) 0z, 1031qIyu] Surpurg/uorsn,y ALET
$0OZUSIN X i REIREIEN (9pnatAngud) OZL IoNqIyuT UoISN} LIO«IDD A 9€ D
"9JUR)SISAT JOJUOD 0} uﬁvmohn—
8644sWry aq Isnw suopeINW NSEA PUE S9ED Wod K Pajo3[es (ep1sngejuad) gl Jowqmul Surpuig/uolsng  LOV«—IDD S 9€ D
urewiop g¥H ur jussaid
Z01oM ST uonMINSqNs DZZTY USYM ISO] DURISISY X & REIGEIEN (episnpejuad) 0z 1onqmyup Supurgyuotsny  IVD«—IDD  d 9€ D
Sore3uaryo] ssowy [emA soouequy X REIGEIEN LSIN IoNqIyuT UoIsNy VOL+VIL S €€ 1
Z01oM sjuaned U QOED WIM UONBUIQUIOD UT pUnoj X REIGEIEN (episnyeyuad) 0z, 103quyuy Surpurg/uorsn,g q2€ 0
Z01oM sjuaned U QOED WIM UONBUIQUIOD UT pUnoj X REIGEIEN (episnyejuad) 0z 103qryuy Surpurg/uorsn,g H € 0
o
b NEN| SJUOWIWIO) OAIA OI}IA A-ss01)) 10 punodwo) sse[D aguey) a3uey)
L . IEIREIEIN Sniq uopo)) POy ouruy
AUy T-AIH

SMaIASY




SMaIASY

{LL8E/UONRRPALIE YO

86SI0USS  /AE6T/ABBT/HBLT/AOIT/ISYT/ISYIINYEL/A90T ¢ A JUBISISIY Ss0ID ¢OTI QBN Ioyqryu] Suipurg/uoisn  DIV<—OLL 1svC d
= PIOJ-0T -LL8E/UONRRALIE—H9E
— 86SI0UdS  /AE6T/ABBT/HBLT/AGIT/ISTT/ISYIINYEL/AN901 ¢ A JUEBISISOY $s0ID) 00TE-Nf  Jouquyuy Sutpurgyuoisng  DIV«—DLL 1svCd
PIOJ 0T “LL8E/UONRRALIE—TIE
86SI0UdS  /AE6T/ABBT/HBLT/AGIT/ISYT/ISYIINYEL/A90T ¢ A JUBISISIY Ss0ID €9LT I Iouqyuy Sutpurgyuotsng  DIV<«—ILL 1s¥C d
royrrus-z[oy 0z1-ds ¢ A Pa1d9[ag (QULIIAIUIG) $9G6II  I0NQIYU] SUIPUIE/UOISN] dLET D
pd3 (FNV) 1188
90PYBAA Jo [rey orwise[doifd ay) ur pajd9las suoneINA A PaYRRS Ay g uujoydury 10)1qQIyuy Anug 1502 S
GOMNOIANA 0¢1dS ur suoneynur ¢ A PaA1d9Rs  (VU0D) Y UIBABUBOUOD) 10)1qIyuI ANUQ S 02 N
1d8 (YY) 1158
. 90PA9YeA Jo [rey orwse[dojAd o) ur pajoR[ds suonEINA X paooes Ay g unuejoydury Jonqryuy Anug T1¢0zd
s PIOJ-6
- 96ur'] 'STOLT/ACEIN/LOSSV/ATSEN/ATEEDM8BIN & A Pa3d9[es [ uAuwels  10)qIyu] SUIpUIG/UOIS] VYV« IVV M 881 N
W 'PIOF-GT “LLYE/UONRLALIE—TIE
= 86SI0UdS  /AE6T/ABBT/HBLT/AO69T/ISYT/ISYI/NYEL/A90T ¢ A Pa1d9[ag 01-4dS  Ionqryu] Surpurg/uoisny  VLL+—OLL TSvl A
=1
- JLL8E/UONS[dLIE—FIE
m 86SI0UdS  /AE6T/ABBT/HBLT/AGIT/ISYT/ISYIINYEL/AN901 ¢ A JUBISISY $s01D) ¢TI QBN Ionquyuy Sutpuig/uoisng  VILL+—OLL TSPl A
..m PIOJ-0T “LL8E/UONRRALIE—TIE
= 86SI0UdS  /AE6T/ABBT/HBLT/AGIT/ISYT/ISYIINYEL/A90T ¢ A JUBISISIY SS0ID 00TE-Nf  Touqryuy Surpurg/uotsng  VILL«—DLL TSPl A
m BYEISIIAIQ ‘969S9IAT PI0J-001 03 -T :suonejnul Jo UOheUulquion ¢ A Pa1d9[ag 00TE-Nf  Touqryuy Surpurg/uotsng  VILL«—DLL TSv1 A
2 PIO} 0T -LL8€E/UONRRALIE—H9E
m 86SI0UdS  /AE6T/ABBT/HBLT/AOGIT/ISTT/ISYIINYEL/AN901 ¢ A JUEISISY $s01) €9LT INf  Jovquyuf Supurgyuoisng  VLL«—DLL TSPl A
.w ‘PIOJ-GT “LLYE/UONRLALIETIE
= 86SI0UdS  /AE6T/ABBT/HBLT/AGIT/ISYT/ISYI/NYEL/A90T ¢ A Pa3d9eS 01-4dS  Ionqryu] SUIpUIg/uoIsn]  DVV+<—DOV N v€1 S
=
m JLLYE/UONRPALIEFIE
a 86SI0USS  /AE6T/ABBT/HBLT/AOGIT/ISTT/ISYIINYEL/AN901 ¢ A JUBISISIY $s0ID) SOTI QBN IoNqryuy Sulpuig/uoisny  JVV<«—DOV N ¥€I S
PIOJ-0[ LL8E/UONS[_ULIETIE
86SIOUSS  /AE6T/AB8T/HSLT/AO9T/ISYT/ISYT/NYET/A90T ¢ A JUeISISIY SSOID 00TE-Nf  Tonqryuy Surpurg/uotsng  JVV+«—DIOV N vE€1 S
PI0J O -LL8E/UONR[PALIE—F9¢E
86SI0UdS  /AE6T/ABBT/HBLT/AOGIT/ISTT/ISYIINYEL/A901 ¢ A JUeISISIY $SOID €9LT N[ I0VqQIyu] Surpurg/uoisng  DVV<«—DDV N ¥€I S
PI0J-0ST ‘1LBEU/SETEN/AEOIN
BOGISH ‘L691sH  /H8LTO/H69TI/NFEIS/NET TS ‘uotdar doof A ¢ A Pa1d9[ag (eveydins uenxop) §q  JoNquyuy SUpuIg/UOISD]  JVV<—DIOV N ¥€I S
SSOUIY [BIIA JO UOT)ONPAI
SO[e8uaIYO] Suons ur s)Nsar J9TIN/ASPI wuenu o[qnoq |, A PajdR[es L8N Jonquyut uoisny VVV—1VV A 9CI N
NEN| SJUSWIWO)) OAIA OIA J-sso1) 10 punodwo) sse[) aguey) aguey)
up uf BRI Snig uopo) ploy ourury

AUH T-AIH



Senw pajoaIp-a)1s £q pauLIguod

10U UoneINW YJed Jo [0y ‘[-JJS 01 JUE)SISAI
-$5010 P10J-97 (SLT—¥LTd ‘SULLO6T “M96Z0
PU® ‘Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
IS8T "AY8TV M6LTH "L8LTO 69TN Sure)

[oereques| -U0J ‘ONIA UI PAJIJ[AS) SNIIA JUBISISAI-HE[], N A Jue)SISIY SSOID) 1-4Jas  Jonquyuy Surpurg/uorsn,g L<—IVV M 69T N
JNW PAJOAIP-A)IS AQ PIULIFUOD JOU
o uonenu yoea Jo 9[0y ‘00 ANV 01 JueISIsal
m -$8010 P[0J-GT (SLT—¥LTA *SULLO6T 9620
- PU® ‘TF6ZIN ‘AE6TN ‘HO6TI “188TI ‘A98TA
= “168Td ‘APSTY “M6LTH L8LTO I69TN sured
m TOoeIeqUES] -U0D ‘ONTA UT PI)OJ[3S) SNIIA JULISISAT-HE], N~ K IURISISIY SS0ID 00TEANY  I0NqIyu SuIpuIg/uolsn.y (—IVVY 3 697 N
= W PaJoAIIP-)IS Aq pauIjuod jou
M uonenu Yoed Jo [0y ‘D—OFX IV 01 Jue)SIsaI
.m -$S010 PIOJ-GiT (SLT—HLTA *SULLO6T “M9620
m pue ‘IH6ZIN ‘AE6TN ‘HO6T “188TI ‘A98TA
= 16824 ‘AP8TV “M6LTY "L8LTO SI69TN sure)
= [oeIequUE -UOD ‘ONIA UI PAJOR[S) SIIIA JUBISISAI-FE], N A JUBISISOY SS0I) Or-0PX TV Iouqryuy Surpurg/uorsn,g —0VV 3 697 N
3]
g "PIOJ-GT “LLYE/UOBRILALIEFH9E
8 86S10U9S  /AE6T/ASST/HSLT/AGITASYT/ISYTNVELSI0T ¢ X Pa1093s 01-AdS  Ionquyup SuIpuIg/uoisny  VVD«—DIVV q 697 N
72}
'z {LL8E/UONRPALIEHIE
[~ 86SI0USS  /AE6T/ASST/HSLT/AGIT/ISYT/ISTI/NVEL/M90T ¢ A IUBISISIY ss01) SOTI Qe IoNquyuf SUIpUIG/UOISn]  VVO«—DVV q 697 N
= PIOJ-0T “LL8E/UONRRALIEHIE
m 86S10U9S  /AE6T/ASST/HSLT/AG9T/ISYT/ISYT/NVET/SIO0T (A IUBISISIY sso1) 00TE-N[  JoNquyuy Surpuigyuoisng  VVD«—OVV q 697 N
PIOJ 0T “LL8E/UONLPALIEHIE
86SI0USS  /AE6T/ASST/HSLTL/AGIT/ISYT/ISTI/NVEL/M90T (A IUBISISIY ss01) €9LT N[ IoVqQIyuf SUIpUIg/UOISN]  VVO«—DVV q 697 N
PIOJ-0ST IL8EA/SETEN/AE6IN
BOGISH ‘L691SH  /ASLTO/AG9TH/NFEIS/NETTS ‘uoisardoof ¢A (A pajoopes  (areyd[ns uenxep) SQ  I0NQIYUL SUIPUIG/UOISN]  VVD«—VVV  H 69T M
COMNOIANA Omﬁmw ur suonejnut 6 A PAII[RS A<:oUv VY ulfeAaeueduo)) Jlojiqryut %b:o 19T S
T0WPIuS-Z[oH oci-ds X P13 (PULIIATI®) 966D IONqIYU SUIPUIE/UOISNL] M s d
"PIOJ-ST *LL8E/UONAIPALIEH9E
86SI0USS  /AE6T/ASST/HSLL/AGIT/ISYT/ISTINVELAN0T & A PRIREIEIN 01-4ds  lonquyup Surpurgyuoisng  JIV<«—ILL 16vTd
° -]
H NEN| SJUQWILIO)) OAIA  OINIA Y-ssox) 10 punodwo)) sse[) a8uey) a8uey)
uy uy Pa1ddRs Snig uopo) proy ourury
AUy T-ATH

SMaIASY




SMaIASY

w
—
W PIJORIIP-3)IS AQ PIULIFUOD Jou
uoneINW Yord Jo A0y "00IEAINY O} JUBISISaI
-$8010 P[0J-GT (SLT—HLTA ‘SULLO6T “M9620
PU® ‘IP6CIN ‘AE6TN ‘HO6TH ‘L88TI ‘A9STA
“168Td ‘AY8TV 6,79 “L8LTO “SI69TN sutel
[QBIRqUEY] -UOD ‘OXIA UI POJOJ[AS) SNIIA JUBISISAI-HE[], N = A JUBISISOY SSOID) 00ISAINY  Jo)qryuy Surpurg/uorsng °P ¥ S
. W PAJOAIIP-9YIS AQ PAULIJUOD JOU
m UOTBINW YO JO J[0Y "Dp—OrX IV O} JUBISISAI
— -S8010 P[OJ-G¥1 (SLT—YLTA ‘SULLO6T M96TO
> PUB ‘IF6TIN ‘AC6TN ‘HO6TH ‘L8STI ‘A9STA
m “168Td ‘AY8TV M6LTY "LLTO “S69TN surer
= ToRIRQUEY] -UOD ‘OI}IA UI POJOJ[AS) SNIIA JUBISISAI-HCI], N = A JUBISISOY SSOID) OFOrX TV Jouqryuy Surpurg/uorsng °P ¥LT S
] BYEISIAI(Q ‘969SRIAQ 2 A P39S 00TE-Nf  Tonqryuy Surpurg/uotsng  VOV+«—VOV L 2Lt d
.m BYHISNIAI( ‘969SRIAQ 2 A P39S 00TE-Nf  Tonqryuy Surpurg/uotsng  [OV+—IVV S 0LT N
m W pAJOIIP-3)Is AQ POULIFUOD
= jou uonEINW YIBd Jo [0y I JIINA OF JURISISAT
8 -$8010 P[0J-T (SLT—HLTA ‘SULLO6T “M96T0
M PU® ‘IP6CTIN ‘AE6TN ‘HO6TH ‘L88TI ‘A9STA
.m “168Td ‘AY8TV 6,7 ‘L8LTO “SI69TN sutel
£ [oeIeqUES] -UOD ‘OXIA UI POJOJ[AS) SNIIA JUBISISAI-HEI], N = A JUBISISOY SSOID) II-dIINA  Jo3qIyu] SUIpuIg/uoIsn, (—DVV M 692 N
nona Seynw pajoaIIp-alIs Aq pauULIGUOD
m 10U UOTBINW OB JO J[OY "(Op[L O JUBISISAI
=) -88010 P[0J-1T (SLT—HLTA *SULLO6T “M96T0O

PU® Ty6CIN ‘AE6CN ‘HO6T L88TI ‘A9STA
“168Td ‘AY8TV M6LTY "LLTO “SI69TN surer

10eIRqUES] -U0D ‘OIIA UI PAJOJ[es) SNIIA JUBISISAI-CTL N X JUBISISOY SSOID Ob1L  IoNquyup Surpurg/uorsng (—OVY 5 692 N
JuOd jou UonEINW Yoed Jo 9[0y HETL

0 Jue)sisar p[oy-G1 ( 1ds yo doof ¢A ur 6T
—bLTd ‘SULLO6T 96O PUB ‘TH6TIN ‘AE6TN
‘H06T ‘L8STI ‘A9STA “1S8Td ‘AVSTV
SI6LTY ‘L8LTO SI69TN SuOnEINW SUIEIU0d

[oerequesd| ‘€—vINI-AIH JO Gp1d) snuia pajosjes omia u] N A Pa1091eS PEIL  I0NqIyu Surpurg/uorsng (—IVV 3 69T N
NEN| SJUSWIWIO)) OAIA OIJIA Jd-sso1) 10 punodwo) sse[) aSuey) aguey)
up Uy REIREIEIN Snig uopo) ploy ourury

AUH T-AIH



W PAJORIIP-2)IS AQ PAULIFUOD JOU

UONEINW [ord JO 3[0Y DI—0pX TV O JUBISISAI
-$S010 PIOJ-GpT (SLT—YLTd “SULLO6T 9620
PUt Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA

1687 ‘AYSTV M6LTT "L8LTO SI69TN sure)
[oeIRqUEY] -UO0D ‘OX)IA UI P3JOJ[AS) SNIIA JUBISISAI-HET], N

BQEISIAAI(J ‘969SRIAJ L
BQEISIAUAI(J ‘969SIA(QJ L
BQEISIAUAI(J ‘969SIA(QJ PIOJ-Z6L O) -6 :SuoneINW Jo UOTRUIQUIOD)
U PI)IAIP-ANIS AQ PIWIYUOD
jou uonEINW YIe JO A[0Y TI JIINA O JUBISISAT
-$8010 P[0J-¢ (SLT-rLTA ‘SULLO6T “M96T0
PU® ‘Tr6TIN ‘AS6CN “HO6TA L88TI ‘A9STA
1682 ‘AYSTV “M6LTY 'L8LTO I69TN Sure)
TORIRqUES] -UO0J ‘OIIA UT PJOJAS) SNIIA JUBISISAI-HE[], N = A JUBISISIY SSo1) II-dIINA  ToyqIyu] SurpuIg/uotsn,j I°P ¥LT S
Seynw pajoanp-ay1s £q pouLIyuod
Jou uonEINU YIBI JO [0y ‘O ].L O JUBISISAI
-$8010 P[OJ-1T (SLT—rLTA ‘SWLO6T 19670
Pu® ‘T#6TIN ‘AE6TN ‘HO6TH ‘L8STI ‘A9STA

1687 ‘AY8TY M6LTT ‘18LT0 69N surel
ToeIeqUES -UO0D ‘OX)IA UI PIJOJAS) SNIIA JUBISISAI-HE[], N = A JUBISISOY SS01) OpIL  Ioyquyuy Surpurg/uorsn,g 9P ¥LT S

SISy $S01) Or-0pXTV  Ionquyuy Surpurgyuoisng 19P SLT 1
EOEEIENN 00I€-INf  Jonquup Supuig/uoisng — VOV«—1OV ¥ ¥LT S
EOEEIENN €9LZ-NI  Jonquuj Sulpuig/uoisnd  VOV«+—LOV ¥ pLT S
EOEEIENN €9LZ-NI  Jonquuj Sulpuig/uoisnd  VOV«+—L1OV ¥ pLT S

Lol el e

HIV-1 Env

ions in

JUOD J0U UOTIBINW [ord JO 9[0Y "$EIL

01 Juelsisar p[oj-g1 ( 0g1ds jo doof ¢A ur 6/
—rLTA ‘SULLO6T “M96T0 PU ‘Tr6TIN “‘dE6TN
‘HO6T 'L88TI ‘A98TA “158Cd ‘A8TV
6LTY “18LTO 69N suonenul surejuod
Toereques] ‘€ INI-AIH JO Sp1d) snua paodas onia up N X PAII§ YELL  loNquyul Sulpuig/uoisng PP ¥LT S
Senw payoanp-a)1s £q pourIyuod
Jou uoneINW YIed Jo [0y ‘[-JdS 01 JUEISISAI
-$8010 P10J-9 (SLT~¥LTA "SULLO6T 19670
PU® Tr6TIN ‘AE6CN “HO6TA L88TI ‘A9STA
“1S8Td "AY8TV M6LTY 'L8LTO SI69TN Sure)
[oeIeqUEd] -UO0J ‘OXIA UI PAJOJAS) SNIIA JUBISISA-HE[], N = A JUBISISIY Sso1) [-4dS  Jonqryuy Suipurg/uoisng [°P ¥LT S

Drug Resistance Mutat

120

NEN| SJUSWIWO)) OAIA OIIA d-sso1) 10 punodwo) sse[) aguey) aguey)

up ug RBEIEIN Smg uopo) ploy ourury

AUH T-AIH

SMaIASY




SMaIASY

v—
N
—

BYEISNIAI(Q ‘969SRIAQ 2 A Pa12[e8 €9LT-NI  T0NqIyu] Sulpurg/uoisny  JVI<«—DVD H8LZ O
BYEISNIAI( ‘969SRIAQ & A Pa12[e8 €9LT-NI  T0uqyu] Sutpurgyuoisng  [VD«—DVD H8LZ O

PI0J 01 “LL8E/UOBRPALIE—HIE
86SIOUSS  /AC6C/A8ST/HBLL/AO9TU/ISYT/ISYI/NYEL/AO0T ¢ A URISISY SSOID €9LT NI IoVquyuf Surpurg/uoisng  [VO<«—DOVO H 8Lz O

PI0J-0ST ‘IL8CYU/SETEN/AE6CN
©96RISH ‘L6ASH  /A8LTO/A69TI/NFEIS/NETTS ‘uorsar doof ¢A ¢ A Pa19[eS (areydns uenxep) @ Jouqryup Surpurgyuoisng [V D<«+—DVO H8LZ O
JnW PaJOAIP-AIS AQ POULIYUOD
JOU uonEINW YOBd JO [0y T JIINA O) JUBISISAT
-$8010 PIOJ-T (SLT-YLTA ‘SULLO6T “M96T0
PUB ‘Tr6CIN ‘dE6CN ‘HO6TM 188TI ‘A9STA
“168Td ‘AY8TV M6LTd “18LTO “SI69TN surel
ToeIRqUES -UOD ‘OIJIA UT POJOJ[AS) SNIIA JUBISISAI-HET], N A JUBISISOY SSOI) I-dINA  Joyquyuy Surpurg/uorsn,j °p SLT 1
Senw pajoaIIp-9Is Aq pauLIguod
Jou uoneINW Yord Jo [0y ‘O 01 JURISISAI
-S8010 P[0J-1T (SLT—HLTA *SULLO6T “M96T0
PUB ‘Tr6CIN ‘dE6CN “‘HO6TY L8STI ‘A98TA
“168Td ‘AY8TV M6LTY ‘18LTO 69TN sured
[QeIeqUES] -U0D ‘OI)IA Ul PIJOJ[AS) SNIIA JURISISAI-HETT, N A JURISISY SSOID OvIL  louquyuj Surpulg/uorsng PP SLT 1

HIV-1 Env

ions in

JUOd JOou UOIEINW Yoed JO 9[0Y HETL

0 Jueysisar p[oj-¢[ ( 0z 1ds jo doof ¢A ur G/g
—$LTd ‘SULLO6T 9620 PUe ‘IF6TIN ‘6N
“H06T "188TI ‘A98TA “1S8T ‘A¥8CTY
M6LTY L8LTO 69N SUOTEINW SUTRIUOD
joereques] ‘¢~ INI-AIH JO SpId) snua pajpodps oniaup N X RRIBEIEIN YEIL  Jonquyu] Surpurg/uoisn,g PP SLT 1
Seinw pajoarIp-a)Is £q pauLIguod
Jou uoneInwW Yoea Jo 9[0y ‘[-4JS 01 Jue)sIsal
-$S010 P[0J-97 (SLT—¥LTA ‘SULLO6T 9620
PUe ‘IF6CIN ‘AE6IN ‘HO6T ‘L88TI ‘A9STA
“168TA ‘AY8TV “M6LTH ‘18LTO “SI69TN sure
Toelequedyy -U0D ‘OIIA Ul PIJOJ[AS) SNIIA JURISISAI-HET], N X JUBISISIY SSOID) 1-4JdS  Ionqryuy Surpurgyuorsng PP GLT 1
JNW PJOAIP-AIS AQ PAUWIYUOD JOU
uonenuw yoed Jo [0y ‘00 ANV 0} JUBISISAI
-8S010 P[0J-GT (SLT—HLTA ‘SULLO6T 39620
Pue ‘TH6TIN ‘6N “HO6T ‘188 ‘A9STA
“1S8TA ‘AY8TV “M6LTH ‘L8LTO “SI69TN sured

Drug Resistance Mutat

[oeIRqUEY] -UOD ‘OIJIA UI PJOJ[AS) SNIIA JUBISISAI-HCIL, N = A JUBISISIY SSOID) 00ISANY  Jonqryuy Surpurg/uorsng PP SLT 1
NEN| SJUSWIWO)) OAIA OIJIA J-sso1) 1o punodwo) sseD) aguey) aguey)
up Uy BRI Snug uopo) ploy ourury

AUH T-AIH



JUOD 10U UOTIBINW [ JO 9]0y HETL

03 Jueysisar ploy-G[ ( Oz1ds yo doof ¢A ur 6/
—$LTd ‘SULLO6T 9670 PUB ‘[#6TIN ‘AE6TN
HO6T ‘L88TI ‘A9STA “1S8TA ‘AY8TV
M6LTY L8LTO D69TN suoneInw surejuod
joereques] ‘e~ INI-AIH JO Gp1d) snua pajodes onaup N A Pa109[es PEIL  Jonquyul Surpurg/uoisny  DIV<+—HVD 18Lz0
Seynuw pajoalIp-9)Is £q PIWLIYUOD
JOU uoneINW [oed JO [0y "[-JS O JURISISAI
-$S0Id P[0J-9T (SLT—¥LTA ‘SULLO6T “M96C0O
PUe ‘IF6TIN ‘AE€6IN ‘HO6T ‘188TI ‘A9STA
“1687d ‘AY8TV “M6LTT ‘1870 “SI69TN surel
[oerequUE] -U0J ‘ONIA Ul PAJOJ[aS) SNIIA JUBISISAI-EIL, N = A JUBISISOY SSOID 1-4dS  Ionquuy Sulpurgyuoisng  HOHV+—HVYD L8LzO
JNW PIJOAIP-NIS AQ paULIfUOd Jou
uonenur gaea Jo [0y ‘00T EdINY 03 jue)sisarx
-$8010 P[0J-GT (SLT—LTd *SULLO6T 9620
PUE ‘TH6TIN ‘AE6IN ‘HO6T ‘L88TI ‘A9STA
“168Td ‘AY8TV “M6LTT ‘1870 “SI69TN surel
[Qereques| -U0d ‘ONIA UL PAJOJ[IS) SNIIA JUBISISA-HCIL, N = A JUBISISIY SS0ID 00ISANY  Jonquyuj Supurg/uoisng  DIV«+—DVD L8LzO
W PAJOAIIP-9)IS AQ PAUWLIJUOD Jou
uoneInNu [oed Jo [0y D0y X 1V 01 JURISISAI
-SS0I0 PI0J-SH 1 (SLT—LTA ‘SULLO6T “M96C0O
PUe ‘IF6TIN ‘A€6IN ‘HO6T ‘188TI ‘A9STA
“168Td ‘AY8TV M6LTT ‘1870 “SI69TN surey
[oereqUE] -U0J ‘ONIA UI PAJOD[aS) SNIIA JUBISISAI-HCIL, N = A JUEISISOY $S0ID OF-0FXTV  IoNqIyu] Sulpuigyuoisng  HIV«—HVD L8Lz0

PIOJ-CT -LLE/UONRPAULIE—T9¢E
86SI0USS  /AE6T/AB8T/HSLT/AO9T/ISYT/ISYIINYEL/AO0T ¢ A P39S 01-4qs  IoNquyuy Sulpurg/uoisny  IVD«+—HVD H 8Lz O

{LL8E/UONRRALIE— YO
86SIOUSS  /AE6T/AB8C/HBLT/A69T/ISYT/ISYI/NYET/AO0T ¢ A URISISY SSOID GOTI Qe IoNquyuf SUIpUIg/uoIsny  [VO<«—DVD H8LZ O

PI0J-0T -LL8E/UONSPALIE—T9¢E
86SI0USS  /AE6T/AB8T/HSLL/AO9T/ISYT/ISYTINYEL/AO0T ¢ A JUEISISIY SsoID 00TE-NI  Ionquyu] Sutpurgyuoisng  [VD«—DVD H 8Lz O

BO6ISIIAI( ‘969SIRIAIT i A RSECEN 00TE-Nf  Jonqmuf Suipurg/uolsnd  DVO«—DVD  H 8LT O

in HIV-1 Env

10nS In

Drug Resistance Mutat

122

NEN| SJUSWIWO)) OAIA OIA J-sso1) 10 punodwo) sse[) aguey) aguey)

up uf BRI Snig uopo) ploy ourury

AUH T-AIH

SMaIASY




SMaIASY

e
o
v

JUOD J0U UOTIBINW [ord JO 3[0Y "HEIL

01 Juelsisar p[oj-g1 ( 0z1ds jo doof ¢A ur G/
—rLTd ‘SULLO6T “M9620 PU ‘Tr6TIN “‘dE6TN
‘HO6T "L88TI ‘AISTA “1S8Td ‘AV8TV
6LTY “18LTO M69TN suonenul surejuod
[oerequesy ‘€ INT-AIH JO p1d) snuia papoopes ona uf - N A P31o9[3§ PEIL  IoNquyuy Surpurg/uorsnyg do6Lcd
Senw pajoanp-a11s £q paurIyuod
JOU uoneINW Yded Jo [0y ‘[-JdS 01 JUeISISAI
-$5010 P10J-9 (SLT—¥LTA 'SULLO6T 19670
PUt Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
1687 ‘AYSTV M6LTT "L8LTO SI69TN sure)
[oeIeqUEY] -UO0J ‘OXIA UI PAJOJAS) SNIIA JUBISISAI-HE[], N = A JUBISISIY Sso1) [-ddS  Ionqryuy Sutpurg/uoisng M 6Lz d
W PAJOAP-ANIS AQ PAUWLIYUOD JOU
UOTEINW [ord JO 9]0y "00TSINY O} JUEBISISAI
~$8010 POJ-G1 (SLT~LTA ‘SULLO6T 96O
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L88TI ‘A9STA
1682 ‘AYSTV “M6LTY "L8LTO I69TN Sure)
TQereqUES] -UO0D ‘OXIA UT PJOJAS) SNIIA JUBISISAI-HE[], N = A JUBISISOY SSo1) 00TSAAY  JoNqryuy Sutpurg/uotsng S 6Lcd
W PAJOIIP-9)Is AQ PAULITUOD JOU
UonEINW [ord Jo 9[0Y DP—0yX TV O JUBISISAI
-$S010 PIOJ-GpT (SLT—YLTd “SULLO6T “M96CO
PUt “Tr6TIN ‘AE6CN “HO6TA L88TI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO SI69TN sure)
[oeIeqUEY] -UO0J ‘OXIA UI PJOJAS) SNIIA JUBISISAI-pE[], N = A JUBISISIY Ss01) OV-0vXTV  Io)qryu] Suipurg/uoisng M 6LCd
W PAJIAP-AIS AQ PAUWLIYUOD
jou uonEINU Yde Jo [0y I JIINA O JUBISISAT
~$8010 P[OJ-T (SLT~YLTA ‘SULLO6T M96CO
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L8STI ‘AISTA
1582 ‘AYSTV “M6LTY 'L8LTO I69TN Sure)
[oereques -UOO ‘ONIA UL PAIOJ[DS) SNIA JUBISISAI-HEL], N =~ A JUBISISIY SS01) [-dINA  IoNquyu] Sutputg/uoisng DIV +«—DVD L8z 0
Senw payoanp-a11s £q pauLIyuod
jou uonEINUI YIB JO [0y ‘Of].L O) JUBISISAI
-$S010 P[OJ-17 (SLT—HLTA ‘SULLO6T 19620
PUt Tr6TIN ‘AE6CN “HO6TA L88TI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO SI69TN sure)

in HIV-1 Env

10nS In

Drug Resistance Mutat

[QeIRqUEY] -U0O ‘ONIA UI P3JOR[3S) SNIIA JURISISAI-PEL, N A JUBISISIY $s01) OvIL  Jonquup Supuig/uolsnd  DOV«—DVD L 8L O
NEN| SJUSWILIOD) OAIA  OI)IA -ss01)) 10 punodwo)) SSB[D aguey) aguey)
up up SEIREIEIN Sniq uopo) proy ourwry

AUH T-AIH



JUOD J0U UOTIBINW [or JO 9[0Y "HEIL

01 Juelsisar p[oj-g1 ( 0g1ds yo doof ¢A ur G/
—rLTd ‘SULLO6T “M9620 PU ‘Tr6TIN “‘dE6TN
‘HO6T "L88TI ‘A9STA “1S8Td ‘AV8TV
S6LTY “18LTO 69N suonenul surejuod
[oerequesy ‘€ INT-AIH JO Si1d) snuia pajoo[es onia up - N A P3109[3§ YEIL  I0NQIUuL SUIPUIE/UOISn] A V8TV
Senw payoarp-a)1s £q pauLIyuod
10U uoneINW Yded Jo [0y ‘[-JdS 01 JUL)SISAI
-$5010 PI0J-9¢ (SLT—YLTA 'SULLO6T 19670
PUt Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
1687 ‘AYSTV M6LTH "L8LTO SI69TN sure)
[oeIeqUEY] -UO0J ‘ONIA UT PJOJAS) SNIIA JUBISISA-HE[], N A JURISISOY SSOID [-4dS  Jouquyuj Surpurg/uoisng A V8TV
U PAJIAP-AS AQ PIWLIYUOD JOU
uoneINW Yoed Jo A0y 00T EAINVY O JUBISISAT
~88010 PIOJ-G1 (SLT~LTA ‘SULLO6T 96O
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L88TI ‘A9STA
1682 ‘AYSTV “M6LTY "L8LTO I69TN Sure)
ToereqUES] -U0J ‘OIIA UT PJOJ[AS) SNIIA JUBISISAI-ETL N A JUBISISOY SSOID) 00TSANY  Jouqmyuy Surpurg/uorsng A ¥8CV
W PAJORIIP-2)Is AQ PAULIFUOD JOU
UonEINW [ord Jo 9[0Y DP—0pyX TV O JUBISISAI
-$S010 PIOJ-GpT (SLT—YLTd “SULLO6T 9620
PUt Tr6TIN ‘A€6CN “HO6TA L88TI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO S69TN sure)
[oeIEqUEY] -U0J ‘ONIA UT PJOJ[AS) SNIIA JUBISISAI-HE[], N A JURISISOY SSOID JV-OvXTV  Iouquyuj Surpurg/uoisng A V8TV
W PAIAIIP-ANIS AQ PIUWLIYUOD
jou uoneINU Yde Jo [0y TI JIINA O JUBISISAT
~88010 P[OJ-T (SLT~LTA ‘SULLO6T 96O
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L88TI ‘A9STA
1687 ‘AYSTV “M6LTY "L8LTO SI69TN Sure)
ToerRqUES] -U0J ‘OXIA UT PIJOJAS) SNIIA JUBISISAI-ETL, N A JUeISISOY SSOID) I-dIINA  Io)qryuy Surpuigyuotsn,j S 6LTd
Senw payoaIp-a11s £q pouLIyuod
jou uonEINU YIB JO A[0Y ‘Of].L O) JUBISISAI
-$S010 P[OJ-17 (SLT—HLTA ‘SULLO6T 19620
PU® ‘Tr6TIN ‘AE6CN “HO6TA L88TI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO S69TN sure)
[oeIeqUEd] -UO0J ‘OXIA UT PIOJ[AS) SNIIA JUBISISA-HE[], N A JURISISOY $SOID ObIL  Jonqryu] Surpurg/uoisng M 6L d

in HIV-1 Env

10nS In

Drug Resistance Mutat

124

NEN| SJUSWIWO)) OAIA  OIIA Jd-sso1) 10 punodwo) sseD afueyy  eSuey)

uy uy RIBEIEIN Snig uopo)  pIoy ouruy

AUH T-AIH

SMaIASY




SMaIASY

w
[
v

JUOD J0U UOTIBINW [or JO 9[0Y "HEIL

01 Juelsisar p[oj-g1 ( 0g1ds yo doof ¢A ur G/
—rLTd ‘SULLO6T “M9620 PU ‘Tr6TIN “‘dE6TN
‘HO6T "L88TI ‘A9STA “1S8Td ‘AV8TV
S6LTY “18LTO 69N suonenul surejuod
[oerequesy ‘€ INT-AIH JO Si1d) snaia paloo[es onia uf - N A P3109[3§ YEIL  I0NQIYUL SUIPUIE/UOISn] T68Cd
Senw payoarp-a)1s £q pauLIyuod
10U uoneINW Yded Jo [0y ‘[-JdS 01 JUL)SISAI
-$5010 P[0J-9¢ (SLT—¥LTA 'SULLO6T 19670
PUt Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
1687 ‘AYSTV M6LTH "L8LTO SI69TN sure)
[oeIeqUEY] -UO0J ‘ONIA UT PJOJ[AS) SNIIA JUBISISA-HE[], N A JURISISOY $SOID [-4dS  Jouquyuj Surpurg/uoisng 1687 4
U PAJAP-AS AQ PIULIYUOD JOU
uoneINW Yoed Jo A0y "00IEAINV O JUBISISAT
-$8010 P[0J-GT (SLT—HLTA “SULLO6T 9620
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L8STI ‘A9STA
1582 ‘AYSTV “M6LTY "L8LTO I69TN Sure)
ToerRqUES] -U0J ‘OIIA UT PJOJAS) SNIIA JUBISISAI-ETL, N X JUeISISOY SSOID) 00TSAAY  Jouqmyuy Surpurg/uorsng 1682 4
W PAJORIIP-2)Is AQ PAULIFUOD JOU
UonEINW [ord JOo 3[0Y DP—0pyX TV O JUBISISAI
-$S010 PIOJ-GpT (SLT—YLTd “SULLO6T 9620
PUt Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
1687 ‘AYSTV M6LTH “L8LTO SI69TN sure)
[oeIeqUEY] -UO0J ‘ONIA UT PJOJ[AS) SNIIA JUBISISAI-HE[], N A JURISISOY $SOID JV-0vX 1V Iouquyuj Surpurg/uoisng 1687 4
W PIAIAP-ANIS AQ PIUWLIYUOD
jou uoneINU Yded Jo [0y TI JIINA O JUBISISAT
~88010 P[OJ-T (SLT~LTA ‘SULLO6T 9620
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L8STI ‘A9STA
1687 ‘AYSTV “M6LTY 'L8LTO SI69TN Sure)
ToerRqUES] -U0J ‘OXIA UT P2JOJAS) SNIIA JUBISISAI-ETL, N A JUeISISOY SSOID) I-dINA  Io)qryuy Surpulguotsn,j A ¥8CV
Senw payoaIp-a)1s £q pauLIyuod
jou uonEINU YIB JO A[0Y ‘O ].L O) IUBISISAI
-$S010 P[OJ-1T (SLT—HLTA SUWLLO6T 19620
PU® Tr6TIN ‘AE6CN “HO6TA L88TI ‘A9STA
1587 ‘AYSTV M6LTH "L8LTO SI69TN sure)

in HIV-1 Env

10nS In

Drug Resistance Mutat

[oeIRqUEY] -UO0D ‘OX)IA UI PJOJ[AS) SNIIA JUBISISAI-ET], N X JUBISISOY SSOID) OvIL  Jonqryuy Surpurg/uorsng A $8CV
NEN| SJUSWIWO)) OAIA  OIIA Jd-sso1) 10 punodwo) sseD aguey) aguey)
uy uy RIBEIEIN Snig uopo)  pIoy ouruy

AUH T-AIH



JUOD J0U UOTIBINW [or JO 9[0Y "HEIL

01 Juelsisar p[oj-g1 ( 0g1ds yo doof ¢A ur G/
—rLTd ‘SULLO6T “M9620 PU ‘Tr6TIN “‘dE6TN
‘HO6T "L88TI ‘A9STA “1S8Td ‘AV8TV
S6LTY “18LTO 69N suonenul surejuod
[oerequesy ‘€ INT-AIH JO Si1d) snuia pajoo[es onia up - N A P3109[3§ YEIL  I0NQIUuL SUIPUIE/UOISn] A 98T A
Senw payoarp-a)1s £q pauLIyuod
10U uoneINW Yded Jo [0y ‘[-JdS 01 JUL)SISAI
-$5010 PI0J-9¢ (SLT—YLTA 'SULLO6T 19670
PUt Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
1687 ‘AYSTV M6LTH "L8LTO SI69TN sure)
[oeIeqUEY] -UO0J ‘ONIA UT PJOJAS) SNIIA JUBISISA-HE[], N A JURISISOY SSOID [-4dS  Jouquyuj Surpurg/uoisng X 98T A
U PAJIAP-AS AQ PIWLIYUOD JOU
uoneINW Yoed Jo A0y 00T EAINVY O JUBISISAT
~88010 PIOJ-G1 (SLT~LTA ‘SULLO6T 96O
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L88TI ‘A9STA
1682 ‘AYSTV “M6LTY "L8LTO I69TN Sure)
ToereqUES] -U0J ‘OIIA UT PJOJ[AS) SNIIA JUBISISAI-ETL N A JUBISISOY SSOID) 00TSANY  Jouqmyuy Surpurg/uorsng X 98T A
W PAJORIIP-2)Is AQ PAULIFUOD JOU
UonEINW [ord Jo 9[0Y DP—0pyX TV O JUBISISAI
-$S010 PIOJ-GpT (SLT—YLTd “SULLO6T 9620
PUt Tr6TIN ‘A€6CN “HO6TA L88TI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO S69TN sure)
[oeIEqUEY] -U0J ‘ONIA UT PJOJ[AS) SNIIA JUBISISAI-HE[], N A JURISISOY SSOID JV-OvXTV  Iouquyuj Surpurg/uoisng X 98T A
W PAIAIIP-ANIS AQ PIUWLIYUOD
jou uoneINU Yde Jo [0y TI JIINA O JUBISISAT
~88010 P[OJ-T (SLT~LTA ‘SULLO6T M96CO
PUE ‘TP6TIN ‘AE6TN ‘HO6TH "L88TI ‘A9STA
1687 ‘AYSTV “M6LTY "L8LTO SI69TN Sure)
ToerRqUES] -U0J ‘OIIA UT PJOJAS) SNIIA JUBISISAI-ETL, N A JUBISISOY SSOID) II-dINA  Io)qryuy Surpulgyuotsn,j 1682 4
Senw payoaIp-a11s £q pouLIyuod
jou uonEINU YIB JO A[0Y ‘Of].L O) JUBISISAI
-$S010 P[OJ-17 (SLT—HLTA ‘SULLO6T 19620
PU® ‘Tr6TIN ‘AE6CN “HO6TA L88TI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO S69TN sure)
[oeIeqUEd] -UO0J ‘OXIA UT PIOJ[AS) SNIIA JUBISISA-HE[], N A JURISISOY $SOID ObIL  Jonqryu] Surpurg/uoisng 1687 4

in HIV-1 Env

10nS In

Drug Resistance Mutat

126

NEN| SJUSWIWO)) OAIA  OIIA Jd-sso1) 10 punodwo) sseD afueyy  eSuey)

uy uy RIBEIEIN Snig uopo)  pIoy ouruy

AUH T-AIH

SMaIASY




SMaIASY

|-
[
v

JUOD J0U UOTEINW Yord JO JA[0Y vEIL

03 Juestsar p[oj-g1 ( 0z1ds jo doof €A ur g/
—bLTd ‘SULLO6T 9620 PU Tr6TIN ‘AE6TN
‘H06T 'L8STI A9STA “158Td ‘AY8TV
M6LTY "LLTO I69TN suoneinu surejuod
Toereques] ‘€7 INI-AIH JO Si1d) SDIIA palod[as onia up - N A P3109[9§ PEIL  JoNquyuy Surpuig/uoisng VOV <«—VIV L 88C 1
Seynw poAIIP-AISs AQ paULIGUOD
jou uonEINUI YIe Jo [0y ‘[-JJS O} JUBISISAI
-$8010 P[0J-97 (SLT-¥LTA ‘SULLO6T *M96T0
Pu® ‘TP6TIN ‘AS6TN ‘HO6T ‘L8STI “A9STA
1687 ‘AY8TV “M6LTY ‘L8LTO TI69TN sure)
[QeIeques] -U0O ‘ONIA U PAJOS[3s) SNIIA JURISISAI-HET] N A JUBISISIY SSOID [-AQS  Ionquyuy SupuIg/uoIsny VOV +«—VIV L 88C 1
W PIAJIIP-A)Is AQ PIULIYUOD Jou
uoneINW Yoed Jo A0y "00TEAINY O} JUBISISAT
~$8010 PIOJ-G1 (SLT-YLTA ‘SULLOG6T M96TO
PU® ‘TF6TIN ‘A€6TN ‘HO6T ‘L8STI ‘A9STA
1687 ‘AY8TV “M6LTY "LLTO 69TN Sure)
Toereques] -U0d ‘ONIA UL PIOI[DS) SNUA JUBISISAI-HELL, N A JUBISISIY SSOID 00TEANV  I0NqIyu[ SUIPUIG/UOISN VOV «—VIV L 88C 1
I PAJOANP-9)IS AQ PAULIJUOD 10U
UoNEINW [ord JO 3[0Y ‘D—0FX TV O JURISISAI
-$8010 PIOJ-SiT (SLT—HLTA “SULLO6T 319620
Pu® ‘TP6TIN ‘AE6CN ‘HO6TM ‘L8STI ‘A98TA
1687 ‘AY8TV “M6LTY ‘L8LTO TI69TN Sure)
[QeIeques] -U0O ‘ONIA UI PAJOS[3s) SNIIA JURISISAI-FETL N A JUBISISIY SSOID OF-0pXTV  IoNqIyu] SUIpUIg/uoIsny  VIV+<—VIV L 88C 1
U PAJOAP-S AQ PAULIGUOD
10U UOTEINW OB JO I[0Y T JIINA O} JUBISISAT
~$8010 PIOJ-T (SLT-YLTA ‘SULLOG6T 96O
PUE ‘TP6TIN ‘AE6TN HO6T “L8STI ‘A9STA
1687 ‘AY8TV “M6LTY "L8LTO 69TN sure)
ToRIRqUES] -U0D ‘OITA UT POJOJAS) SNIIA JUBISISAI-HETL N X JUBISISOY SSOID) II-dIINA  JouqIyu] Surpurg/uorsn,g X 98T A
Seynw pjoIIP-AIs AQ paULIGUOD
10U UOHBINW OB JO J[0Y ‘O[] O JUBISISAI
-$S010 PoJ-17 (SLZ—LTd SUILO6T “9620
Pu® ‘TP6TIN ‘AS6TN HO6TM ‘L8STI ‘A98TA
1687 ‘AY8TV “M6LTY ‘L8LTO TI69TN sure)

in HIV-1 Env

10nS In

Drug Resistance Mutat

[oeIRqUEY] -UOD ‘OXJIA UI PJOJ[AS) SNIIA JUBISISAI-ET], N = A JUBISISIY SSOID) OpIL  Jonqryuy Surpurg/uorsng X 982 A
NEN| SJUSWIWIO)) OAIA OIJIA Jd-sso1) 10 punodwo)) sse[) a3uey) aguey)
up Uy RIBEIEIN Snig uopo) ploy ourury

AUH T-AIH



N PIJOAUIP-}IS AQ PAULIZUOD JOU
uonenu Yoed Jo 9[0y ‘00T ANV 01 JurISIsax
-SS0I0 P0J-GT (SLT-¥LTA ‘SULLO6T 9620
PUe ‘IH6CTIN ‘AE6IN ‘HO6T ‘L88TI ‘A9STA
“168Td ‘AY8TV “M6LTYH ‘18LTO “SI69TN surey
[oereqUE] -U0J ‘ONIA UI PAJOI[AS) SIIIA JUBISISA-HEIL, N X PRIBEIEIN 00TEAINY  JONqIyu] Sulpurg,uorsn,y L 06T sut
W PIJOIP-3)IS £q pauLIjuod jou
uonenu oed Jo [0y DP—OrX 1V 01 Jue)sIsal
-8S010 P[0J-GH1 (SLT—LTd ‘SULLO6T 9620

m PU® ‘Tr6TIN ‘dE6CN ‘HO6TA 'L88TI A9STA
= 1687 ‘AY8TV “M6LTH “L8LTO TI69TN surel
— [oeIequUEd] -U0D ‘OIIA UT PJOJAS) SNIIA JUBISISAI-HE]L, N X JUBISISOY SSOID OVOrX TV Ionquyuy Surpurg/uoisng L 06T sut
W ‘PI0J-ST “LLYE/UONRPLIE—PIE
ﬂ 86SI0UdS  /AE6T/ASST/HSLL/A69T/ISYT/ISYIINVEL/A90T & A Pa13938 01-4ds  lonquyup Surpuig/uotsng  DID«—VIV A 88T I
= ~LL8E/UONRRALIE—F9E
m 86SI0USS  /ACO6T/A8ST/HSLL/A69C/ISYT/ISYIINVEL/A90T & A JUBISISIY SS0ID SOTI QBN J1oNquuy Sulpuig/uoisng  DID«+—VIV A 88T I
m PI0J-01 -LL8E/UONR[PALIE—19¢E
= 86SI0USS  /AE6T/ASST/HSLL/A69T/ISYT/ISYIINVEL/A90T & X JUBISISOY $SOID 00TE-N[f  Iouquyuy Sutpurgyuoisng — DLO«—VIV A 88T I
m BYEISIIAIQ ‘965N & A P31o9[3§ 00TE-Nl  Iouquyuy Sutpurgyuoisng  VIO«—VIV A 88T 1
m BY69SRIAXA suonenu jo uoneulquoyn A P3109[3§ €9LT-INf  Ionquyuf Surpurg/uotsng  VIO«—VIV A 88T I
.m P10} OT -LL8E/UONSPAULIE—T9¢E
3 86SI0USS  /ACO6T/A8ST/HSLL/A69C/ISYL/ISYIINVEL/A90T & A JUBISISIY SSOID €9LC Wl Jonquyuy Surpurg/uoisng  DIO«—VIV A 88T I
n,ona U PAJOAP-S AQ PAULIGUOD
m 10U UOTEINW [OBd JO I[0Y T JIINA O} JUBISISAT
=) ~$8010 PIOJ-T (SLT-YLTA ‘SULLOG6T 96O
PUE ‘TP6TIN ‘AE6TN HO6T “L8STI ‘A9STA
IS8T ‘AY8TV “M6LTY "L8LTO 69TN Sure)
Toereques] -U0d ‘ONIA UL PIOI[DS) SNUA JUBISISAI-HELL N A JUBISISIY SSOID [I-dINA  IONqIyu SUIpUIg/uoisny  VOV«—VIV L 88T I
Seynw pajoIIP-AIs AQ paULIGUOD
10U UOHBINW OB JO J[0Y ‘O[] O JUBISISAI
-$S010 PoJ-17 (SLZ—LTd SUILO6T “9620
Pu® ‘TP6TIN ‘AS6TN HO6TM ‘L8STI ‘A98TA
1687 ‘AY8TV “M6LTY ‘L8LTO TI69TN sure)
[QeIeques] -U0O ‘ONIA UI PAJOS[3S) SNIIA JURISISAI-HETL N A JUBISISIY SSOID OFLL  JoNquyuy Sulpurg/uoisng  VOV<«—VIV L 88T I
o0
a NEN | SJUSWIWIOD) OAIA  ONIA J-sso1) 10 punoduwo) sse[) J3uey) aguey)
u Uy RRIBEIEIN Snig uopo) pIoYy ouruy
AUH T-ATH

SMaIASY




SMaIASY

=)
)
v

INW PAJIAIP-A)IS AQ POUWLIFUOD J0U
uoneinu yoed Jo 9[0y ‘00T EAINY O) JuLISISAI
-$8010 P[0J-GT (SLT—¥LTd ‘SULLO6T 9620
pue ‘Ty6CIN ‘AE6CN ‘HO6T ‘L8STI ‘A98TA
“168Td ‘AY8TV “M6LTT ‘1870 69N surel

ToeIRqUEY] -U0D ‘ONIA UI PAJOJ[AS) SNIIA JURISISAI-HE]], N X JUeISISIY SSOID 001 ANV 10)1qIyu] Surpurg/uoisng q 062
W PIJOAIP-AIS AQ PAULIJUOD JOU
uonenu Yyoed Jo 90y ‘D—0rX TV 03 Jue)sisal
-SS0I0 PIOJ-SH 1 (SLT—LTA SULLO6T “96C0O
Pue ‘Ip6TIN ‘AE6CN “HO6T ‘L88TI ‘A98TA
“1687d ‘AY8TV M6LTT ‘1870 “SI69TN sure

[oeIRqUEY] -U0J ‘OXIA UI PAJIJ[AS) SNIIA JURISISAI-HE] ], N X JUeISISIY SSOID IV-0rX 1V Ionquyuy Surpurg/uorsng q 062
W PjOAIP-AIS AQ POULIZUOD
jou :Oﬁﬁﬁe :oﬁu ,wo D—OM ‘I dIINA O3 u:ﬁuwﬂmoh
-$8010 P[0J-gH (SLT—¥LTd ‘SULLO6T 9620
pue ‘Ty6CIN ‘AS6CN ‘HO6T ‘L8STI ‘A98TA
“168Td ‘AY8TV “M6LTT ‘1870 “SI69TN surel

Toerequedy] -U0D ‘ONIA UI PAJOJ[AS) SNIIA JURISISAI-HE]], N X JUeISISIY SSOID 1I-dIINA 10)1qIyu] Surpurg,/uoisng L 06¢ sur

HIV-1 Env

ions in

Seynw pajoarp-a11s £q pauLIyuod
jou uonEINUW YIBI JO [0y ‘(O ].L O) IUBISISAI
-$8010 P[OJ-1 (SLT—HLTA ‘SWLO6T 19620
PU® ‘I#6TIN ‘AE6TN ‘HO6TH ‘L8STI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO S69TN sure)
[QeIeqUES] -UO0J ‘OXIA UI PJOJAS) SNIIA JUBISISAI-HE[], N A P109[Rs ObIL  Jonqryuy Suipurg/uoisng L 06C sut
JUOD 10U UOTBINW OB JO 3]0y pE[L

01 Juelsisar p[oj-g1 ( 0g1ds yo doof ¢A ur g/
—rLTd ‘SULLO6T “M96T0 PU ‘Tr6TIN ‘dE6TN
‘HO6T 'L88TI ‘A98TA “158Td ‘AV8TV
6LTY “18LTO M69TN suonenul surejuod
Toereques] ‘€= INT-AIH JO Sy1d) snia paod[as onia uf - N A JUBISISIY $SOID YELL  Iouquyuy Surpuig/uoisnyg L 06T sut
Senw payoaIp-a)1s £q pauLIyuod
JOoU uoneINW Yded Jo [0y ‘[-JJS 01 JUE)SISAI
-$S010 P10J-9¢ (SLT—YLTA "SULLO6T 319670
PU® Tr6TIN ‘AE6CN “HO6TA L88TI ‘A9STA
IS8T ‘AYSTV M6LTY 'L8LTO SI69TN Sure)

Drug Resistance Mutat

[oeIRqUEY] -UO0D ‘OX)IA UI PJOJ[AS) SNIIA JUBISISAI-HE], N X JUBISISOY SSOID) 1-1aS  Iouquyuj Surpurg/uorsn,g 1L 06¢ sur
NEN| SJUSWIWO)) OAIA  OIIA Jd-sso1) 10 punodwo) sse[) afueyy  eSuey)
uy uy RIBEIEIN Snig uopo)  pIoy ouruy

AUH T-AIH



INUW PIJIAIP-ANIS AQ PIUWLIYUOD JOU
uoneINW Yoed Jo A0y ‘00T EAINVY O} JUBISISAT
-S8010 P[0J-G1 (SLT—rLTA *SULLO6T “M96TO
PU® ‘Tr6TIN ‘AS6CN ‘HO6TA ‘L88TI ‘A98TA
“168Td ‘AP8TY M6LTY “18LTO 69CN surel
[Qereques| -U0D ‘ONTA UT PIJOJ[3S) SNIIA JUBISISAT-HETL, N A JUBISISIY SS0ID 00TEAAY  10oNqIyuf SUIpUIg/uoisny  [VD«—IVV ad €6 N
W PAJOAMP-IS AQ PAULIGUOD 10U
UonRINW [ord JO J0Y "Dr—OrX TV 0} JUBISISAI
~88010 PIOJ-Gi 1 (SLT—YLTA ‘SULLO6T *M9I6TO
PU® ‘IF6TIN ‘A£6CTN ‘HO6T “L8STI ‘A9STA
1687 ‘AP8TV “M6LTY "L8LTO SI69TN sure)
[oereques| -U0D ‘ONIA UL PJOJ[IS) SNIIA JURISISAI-pC[L N A JUBISISIY SSOID OF-0pXTV  JoNquyul Sulpuig/uossng  [VD«—IVV a €6c N
INW PIJIIP-NIS AQ PIUWLIUOD
Jou uoneINW Yoed Jo A0y II JIINA O JUBISISAT
~SSOI0 PIOJ-T (SLT—rLTd ‘SULLO6T “M9620
PU® ‘Tr6TIN ‘AS6CN ‘HO6T ‘L88TI ‘A9STA
16874 ‘AP8TV “M6LTY 'L8LTO I69TN Sure)
TOoRIRqQUES] -U0D ‘OIA UT PRJOJ[AS) SNITA JUBISISAI-HET], N = K JURISISOY SSOID II-dIINA  JoNqIyu] SurpuIg/uoIsng q 062
Seinw pajoanp-a1s £q pauLIjuod
jou uonEINW YIB3 JO [0y ‘Oi7].L O IUBISISAT
-SS0I0 PIOJ-1T (SLZ—LTd ‘SULLO6T 9670
PU® ‘Tp6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
16874 ‘AP8TV “M6LTY "L8LTO SI69TN sure)
[QeIequUES] -U0J ‘ONIA UI PIJO[AS) SNIIA JURISISAI-HE[], N A JUBISISY SSOID OpIL  Jonqryuy Surpurg/uorsng q 06T M
JUOD JOU UONEINW [Yord JO 3[0Y “pE[L

01 Juelsisar proj-G[ ( 0g1ds jo doof ¢A ur 6/
—bLTd SULLO6T “M96T0 PU Tr6TIN ‘dE6TN
‘HO6T "L88TI ‘A98CTA “158Td ‘AV8TV
6LTY "L8LTO 69N suonenul surejuod
Toereques] ‘€ INI-AIH JO Gp1d) SnIA pNOS[as oniA U] N X IUBISISIY $S0ID YELL  Jonquyuy Surpuig/uoisng 406 M
Senw pajoarp-a)s £q pauLIjuod
10U UonEINW YJed Jo [0y ‘[-JdS 0) JUL)SISAI
-$5010 PI0J-9T (SLT—¥LTd ‘SULLO6T “M96Z0
PU® ‘Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
IS8T "AY8TV M6LTH 'L8LTO S69TN Sure)
[oeIeqUEd] -U0J ‘ONIA UI PAJOJ[AS) SNIIA JUBISISAI-HE[], N = A JURISISOY SSOID [-4JdS  lonquyu Surpurg/uoisng q 062 M

in HIV-1 Env

10nS In

Drug Resistance Mutat

130

NEN| SJUSWIWO)) OAIA OI)IA Jd-sso1) 10 punodwo) sse[) aSuey) aguey)

up uf REIREIEIN Snig uopo) ploy ourury

AUH T-AIH

SMaIASY




SMaIASY

—
[a£]
—

BYEISNIAIQ ‘969SRIAQ 2 A P39S 00TE-INf  Tonqmyuy Surpurg/uotsny  IVD«—IVV H €6C N
JnW pjOAIP-ANIS AQ PAUWLIYUOD
jou uoneINW Yoed Jo [0y ‘II JIINA O JUBISISAT
-$8010 PIOJ-T (SLT—YLTA ‘SULLO6T “M96Z0
PU® ‘Ty6ZIN ‘AE6CN ‘H06TA '188TI ‘A9STA
IS8T ‘AP8TV M6LTH “18LTO SI69TN sure
[Qereques| -U0O ‘OIIA UL PAJO[DS) SNIIA JUBISISAI-FE], N A JUEISISIY $S0ID [-dINA  IoNquyuy Surpuigyuoisng  [VO«—IVV a €6C N
Senwr pajoaIIp-9)Is £q pauLIjuod
jou uoneinur yoea Jo I3[0y O [.L O) Jueisisar
-S8010 P[0J-1T (SLT—rLTA *SULLO6T “M96TO
PU® ‘IF6TIN ‘AE6TN ‘HO6TA ‘1881 ‘A9STA
“168Td ‘AY8TV M6LTY “18LTO M69CN sured
[oereques] -U0O ‘OIIA UI PAIOJ[AS) SNIA JUBISISAT-HETL, N =~ X JURISISOY $SOID OPIL  Jouqryuf Surpurg/uoisng VD« IVV ad €6T N
Juod Jou UoIEINW YoBd JO I[0Y ‘HEIL

03 JumsIsa1 ploj-g1 ( 0g1d3 jo doof ¢A Ut 617
—LTd SUILO6T 9670 PUt Tr6TIN “dE6TN
‘HO6TY ‘L88TI ‘A98TA “158Td ‘AV8TV
M6LTd “L8LTO “M69TN SuOHRINU SUTeIUod
[QeIeques] ‘€ INI-AIH JO Sp1d) snna paosfes ona up N X Pa1d3[ag PELL  IoNquyul SUIpuIg/uoIsny  [VD<«—IVV a €6 N
‘PIOJ-CT ~LL8E/UONRRALIE—TIE
86SI0UdS  /AE6T/A8ST/HBLL/A69T/ISYT/ISYINYEL/M90T ¢ A Pa109[38 01-AdS  10NqQuyuf SUIpUIg/uoIsny  [VD<«—IVV ad €6¢ N
Senw pajoaIIp-a)1s £q pauLIjuod
10U UonEINW Jed Jo [0y ‘[-JdS 0I JUL)SISAI
-$8010 P[0J-9T (SLT—¥LTd ‘SULLO6T “M96Z0
PU® “Tr6TIN ‘AE6CN “HO6TA L88TI ‘A98TA
16874 ‘AP8TV “M6LTY "L8LTO SI69TN sure)
[QeIeques] -U0D ‘ONIA U PAOJ[3S) SNIIA JURISISAI-pEIL N A JUBISISIY SS0ID [-4Qs  Jonquyuy Supurg/uoisny  IVD«—IVV a €6 N

{LL8E/UONR[PALIEYIE

86SI0USS  /ACO6T/ASST/HSLT/AO9T/ISYT/ISYIINYEL/A90T & A JUBISISIY SSOID GOTI QBN 10NQIyuf SUIPUIG/UOISN]  [VD«—IVV ad €6¢ N
PIOJ-01 -LL8E/UONSRALIE—F9¢E

86SI0USS  /AE6T/ABBC/HSLT/AO9C/ISYT/ISYIINYEL/A90T ¢ A JUBISISIY SSOID 00T€-Al  ToNqryu] Sutpuig/uoisny  [VD«—IVV d €6¢ N
PI0J OI -LL8E/UOnNS_dLIE—T9¢E

86SIOUSS  /AE6T/ABBC/HSLT/A69T/ISYT/ ISYIINYET/A90T ¢ A JUBISISIY SSOID €9LT N[ IoNquyuf SUIpuIg/uoIsny  [VD<«—IVV ad €6¢ N
PI0J-0ST ‘IL8CA/SECEN/AEO6CIN

BOGISH ‘L691sH  /A8LTO/A69TI/NYEIS/NET IS ‘uotdar doof €A ¢ A P139[3§ (oreydpns uenxep) S JoNquyuj Surpuigyuolsny  [VO«—IVV d €6C N

in HIV-1 Env

10nS In

Drug Resistance Mutat

NEN| SJUSWIWO)) OAIA OI)IA Jd-sso1) 10 punodwo) sse[) aSuey) aguey)

up uf REIREIEIN Snig uopo) ploy ourury

AUH T-AIH



INUW PAJOAIP-IS AQ PAUWIGUOD
10U UOTBINW OB JO I[0Y T JIINA O) JUBISISAT
-$S0I0 POJ-Tr (SLT—LTd SULLO6T “M9620
PU® ‘Tr6TIN ‘AE6CN ‘HO6TA L88TI ‘A9STA
“168Td ‘AY8TV M6LTY "LLTO “SI69TN surer
[Qereques| -U0D ‘ONTA UT PAJOSAs) SNITA JURISISAT-HET], N A JUBISISIY SSOID [I-dINA  IONQIYU[ SUIPUIG/UOISN  DIV<—OIV 16T N
Seynw poIIP-AIs AQ pAULIJUOD
10U UONBINW OB JO J[0Y ‘(7] O JURISISAT
~$8010 PIOJ-1T (SLT-YLTA ‘SULLO6T *M96TO
PU® ‘IP6TIN ‘AE6TN ‘HO6TH “L8STI ‘A9STA
1687 ‘AY8TV “M6LTY "L8LTO TI69TN sure)
[oereques| -U0O ‘ONIA U PAJOS[as) SNIIA JUBISISAI-pETL, N A JUBISISIY SSOID OFLL  Jonquyuy Supuig/uoisng  DIV<+—DLV I¥6C N
JUOD 10U UOTBINW OB JO [0y €I

03 Juelstsar p[oj-g1 ( 0z1ds jo doof €A ur g/
LT *SULLO6T 39620 PUB ‘I¥6TIN ‘AE6TN
‘HO6T “L8STI ‘A9STA “1S8TA ‘AY8TY
M6L7Y “1L8LTO “M69TN SuonEInul Surejuod
[oerequey] ‘¢ INI-AIH JO Sp1d) SnUA payooes oA U N X pa1odfes PEIL  JoNquyuy Sutpurgyuoisng  DIV<«—DIV 1¥6T W
Seynw pajoIIP-AIs AQ paULIGUOD
Jjou uoneINW (o Jo A0y [-JdS 01 JURISISA
-$5010 P[0J-97 (SLT-¥LTA ‘SULLO6T “M96TO
PUB ‘TH6ZIN ‘AE6CN ‘HO6T ‘L88TI ‘A9STA
IS8T ‘APSTV “M6LTH “L8LTO “M69TN Sure
[QBIequUEy] -U0D ‘ONIA UL PAJOJ[AS) SIIIA JUBISISAI-PE[L N~ A IUBISISOY 501D [-dQS  JoNquyup Surpurg/uoisng  DIV<«—DIV I %67 W
JNW PJOAIP-AIS AQ PAULIZUOD JOU
uoneinu Yyoed Jo 90y ‘00T ANV 01 JueISIsax
-$8010 P0J-GT (SLT—HLTA ‘SULLO6T 9620
PU® ‘TY6TIN ‘AE6TN “HO6TI "L88TI ‘A98TA
1824 'AP8TV “M6LTY "L8LLO “M69TN Surel
TQeTeques| -U0D ‘ONIA UL PJOJ[AS) SIIIA JUBISISAI-pEIL N A JUBISISOY 501D 00TEANV  IoNqryuf SUIpUIg/uoisng  DIV<—OIV 1767 W
W PIJOAUIP-3IS £q pauLIjuod jou
uonenw Yoed Jo [0y Dy—OrX TV O} JueIsIsal
-$8010 PIOJ-SpT (SLT—HLTA “SULLO6T 319620
PUB ‘TH6ZIN ‘dE6CN ‘HO6T ‘L88TI ‘A9STA
IS8T ‘APSTV “M6LTY “L8LTO “M69TN Sure
[QeIequEs] -U0D ‘ONIA UL PAJOJ[AS) SIIIA JUBISISAI-PE[L N A IUBISISY 501D OF-0pXTV  IoNquyuy Sulpuig/uoisng  DIV<+—DLV 1 %67 W

in HIV-1 Env

10nS In

Drug Resistance Mutat

132

NEN| SJUSWIWO)) OAIA OIJIA Jd-sso1) 10 punodwo) sse[) aSuey) aguey)

up Uy REIBEIEIN Snig uopoD ploy ourury

AUH T-AIH

SMaIASY




SMaIASY

[+
en
v

U PIJIIP-ANIS Aq PIWIYUOD
jou uoneINW YIe Jo A[0Y Tl JIINA O JUBISISAT
-SS0I0 P[0J-g (SLT—HLTA ‘SULLO6T “M96T0O
PU® Tr6TIN ‘AS6CN ‘HO6TA L88TI ‘A9STA
“168Td AYSTV M6LTY ‘LLTO M69TN surer
ToeIRqUES] -U0J ‘OIIA UT PJOJAS) SNIIA JUBISISAT-ETL, N A JUBISISOY SSOID I-dIINA  I0)qIyu] Surpuiguotsn,j S 962 O
Seinw pajoap-a11s £q pauLIyuod
jou UonEINU YIBI JO J[0Y ‘(O ].L O) IUBISISAI
~88010 P[0J-1T (SLT~LTd ‘SULLO6T 96O
PU® ‘Ty6ZIN ‘AE6CN HO6TA 'L8STI ‘A9STA
1687 ‘AYSTV M6LTH "L8LTO SI69TN sure)
[oeIeqUES] -UO0J ‘OXIA UI PJOJAS) SNIIA JUBISISAIHE[], N A JURISISIY $SOID OvIL  Jonqryuy Suipurg/uoisng 3 962 O
JUOD 10U UOTBINW oL JO 3[0Y $E[L

01 Juelsisar ploj-g1 ( 0g1ds yo doof ¢A ur g/
—rLTd ‘SULLO6T “M96T0 PU ‘Tr6TIN “‘dE6TN
‘HO6T 'L88TI ‘A98TA “158Td ‘AY8TV
6LTY “18LTO 69N suonenul surejuod
[oereques ‘€ INT-AIH JO S1d) snia paos[as onia u - N A [ 3SR BN YELL  Jouquyuy Surpuig/uoisnyg 3 96T O
Senw pajoanp-a11s £q paurIyuod
J0U uoneINW Yded Jo [0y ‘[-JdS 01 JUL)SISAI
-$S010 PI0J-9¢ (SLT—¥LTA 'SULLO6T 19670
PUt “Tr6TIN ‘A€6CN “HO6TA L88TI ‘A9STA
“1S8Td ‘AYSTV 6LTY "L8LTO SI69TN Sure)
[oeIequUEd] -U0J ‘OIIA UT PJOJ[AS) SNIIA JUBISISA-HE[], N A JURISISOY $SOID [-4dS  Jouquyuj Surpurg/uoisng M 962 O

HIV-1 Env

ions in

INW PAJIAUIP-)IS AQ PIUWLILUOD J0U
uonenu yoes Jo 9[0y 001NV 01 JueISISaI
-$S0Id PIOJ-GT (SLT—LTA ‘SULLO6T “M9620O
Pue ‘IF6TIN ‘6N ‘HO6T ‘188TI ‘A9STA
“168Td ‘AY8TV “M6LTT ‘1870 69N surel
ToeIRqUEY] -U0D ‘ONIA UI PAJOJ[AS) SNIIA JURISISAI-HC]], N X JUeISISIY SSOID) 00T ANV 1031qIyu] Surpurg,/uoisn,g S 967 O
W PIJOAIP-AIS AQ PAULIJUOD JoU
uoneinu yoed Jo J[0Y DOy X IV 01 Jue)SISaI
-$S010 P[0J-GH[ (SLT—LTA ‘SULLO6T *M9670
PUE ‘TH6TIN ‘AE6IN “HO6T ‘L88TI ‘A9STA
1687 ‘AY8TY M6LTT ‘1870 69N surel

Drug Resistance Mutat

[oeIRqUEY] -UO0D ‘OX)IA UI PJOJ[AS) SNIIA JUBISISAI-HET], N X JUBISISOY SSOID) OFOrX TV Jouquyuj Surpurg/uorsn,g 3 962 O
NEN| SJUSWIWO)) OAIA  OIIA Jd-sso1) 10 punodwo) sseD aguey) aguey)
uy uy RIBEIEIN Snig uopo)  pIoy ouruy

AUH T-AIH



PI0J-01 -LL8E/UONS[PALIE—T9E

86SI0UOS  /AE6T/ASST/HSLT/AGIT/ISYT/ISYT/NYEI/MI0T ¢ A JUBISISIY S80I 00TC-AL  Jonqmul Swpurgyuosnd  VOV«—VOV I 8L€ M
PIO} 01 :LL8E/UONRIOALIE—HIE

86SI0U0S  /AE6T/ASST/HSLT/AGOT/ISYT/ISYTNYEI/MI0T & A JURISISAY 501 €OLT N[ Jonqmup Suipuig/uomsnd  VOV+—VDV L 8LE ¥

€oury QS J0VIUOD pD U UONEMN A SESEN €F0S8Y-SINE  JoNqryu] Surpurguorsn.g M SLE 'S
‘ATL9 pue

U899S MS6£0 “TTLES LOEEI suonenw surey
-uod SnIrp onIA ur pagessed sniia jue)sisar

gomoIog -9YOON Isutede pasaL, ‘0g1ds ur uonempy | X q-$501D D¢y Ionquyuf Surpurgyuoisng  VLL+—VIL TTLE S
2 "ATLYA "899S “MS6£0 ‘L6EET
€3 €0MONIOY UMM UODEUIqUIOD Ul punog ‘Og[dS uruoneiniy X 2RI EN 9YOAN  Ionquyu] Sutpurg/uoisng  VIL+—VIL T1CLES
m PIOJ-6
m 96WI'T  STOLT/ACEIN/IOSSV/ATSEN/ATEED/MASSIN ¢ X SRR [ uroAwers  Jojqryuy Surpuigyuoisng  IVO<«—IVV aIseN
o 'ATL9d pue
@ U899S MS6E0 “TCLES LEEET suoneinw sure)
m -UO0d SNIIA "ONIA Ul paSessed SnIIA JuBISISAI
b= gomodiog -9YOaN Isutese paisaL, ‘0g1d3 urvopempy X Y-$501D) DY IoNquyuf Supurguoisny 1DV« LIV L 6ee T
-
= "ATLYA "899S “MS6€D “TTLES
= €OMOMNIOY UMM UONEUIqUIOD U punog ‘0g[dS uruonenpy X SR EN 9YOAN  Ioqyu] Sutpurgyuoisng  [DV+—LIV L 6£€ 1
]
£ PIoJ-6
< 96UIT  :STOLT/ACEIN/IOSSV/ATSEN/ATEEDMSSIN & A PRIREIEIN [ uoAwers  JoNquyuy Supuig/uoisny - YvO«—VDD  H TEE D
3 PIOJ-0ST IL8EA/SETEN/AE6IN
ﬂu 896915 ‘L691H [A8LTO/A69TIA/NYEIS/NETIS woIBar €3, X pajoopes  (dreyd[ns uenxep) S I0NQIYUf SUIPUIG/UOISN]  [OV<—IVV S €ZEN
m GOMNOIAIIA 0¢1dS ur suoneynur X PAdRPRS  (VUoD) Y UI[eARUBIUOD) I0)IqIyuI AU 111€ L
| o0T X G< sem J-poJ ‘HITED
pue A9TEV ‘d80EH “MSOE WM UONEUIqUIOd
Ut paisal uayAy “TOTAY TONQIUI-CIDD JO
suonenuaduod Jursearour ur DA Ul pades
-sed ¢8/10D ‘are[ost ¢y Arewid "¢AQZ1d3
TOBIONIL ‘pOuuewyny ur uoneIny “ronqryur Anue o[nosjour [rews ¢ X 2RI [01QV  Jonqryuy Surpurg/uorsng d 80¢ H
SOMNOIAIAM ocrds ur suwonenur - ¢, X PRIREIEIN (N-AD) urmaoues) Tonqryur Anud VvV 3 20€ N
GOMNOIANA 0¢1dS ur suoneynur 4, A Pa1oR[es  (VUOD) Y UI[BABUBIUOD) I0)IqIyuI AU VVV S 70€ N
£YGISNIAS( ‘9695RIA & X 2RI €9LTINI  IoNquyul SuIpurg/uoisng  VOV<«—VID L L6TV
<
B NEN SJUAWIWIO)) OAIA  ONIA ¥y-ssox) 1o punodwo)) sse|D a8uey) a8uey)
uf uf [SeIRRIRIN Snig uopo) pIoy ourury
AUy T-ATH

SMaIASY




SMaIASY

"'ATL9 pue
U899S S6ED “TCLES "LOEET suonenur sure)
-Uuod snIrp "oniA ur pagessed SnIIA JuBSISAI

m gomodtog -9YooN IsureSe pajsal, [4ds ur womempy X Y-ss01D D¢ Ionquyuy Supuig/uoisny  VOV«+—1OV M 899 S
"ATLOA MIS6£D “TTLES “LOEET
€OMONIOY  (pIM UONRUIQUIOD Ul punog “[dS ut uonemp X pajodfes OYOON  Ionquyuf Suipuig/uolsng  YVOV«—LOV ¥ 899 S
PI0J-6
96UrT  STOLT/ACEON/LOSSY/ATSEN/ATEEOSMSSIN & A paKafes [ upAwrers  Joyquyuy Surpuig/uolsny  [VO«—IVY  d ££9 N
1+d3 jo urewop [YH oy 03 Surpuods (101
900D -o1109 “p/ G uonisod 1e 091d3 ur uonmnsqng A paIodes  -OY) 101-ulPAd0ny Tonquyuy Anug qrLS O
PI0J-6
96UrT  STOLT/ACEON/LOSSY/ATSEN/ATEEOMSSIN & A ERIREIEN [ upAwels  Joyquyu Surpuig/uolsny  DJV<«—I0D L 0SS V
o €0ury poury ‘0z1d3 uruonemiN ¢ X ERIREIEN €Y088Y-SINE  JoNqIyu[ Surpurg/uoisng {+—DIV ISy N
m BYGRSIAIA( ‘96RSIRIA ¢ A EEIBEIEN Q0TE-AL  JoNquyu] Surpurg/uoisny  VIV<«—V1O I LSt A
- goury ‘ozid3 uruonempy X paKafes €Y088Y-SINE  JoNqIyuf Sutpurg/uoisng A 0vy S
m £0UrT “poury ‘ozid3 uruonempy (X paKafes €Y088Y-SINE  IoNqryuf Sutpurg/uorsng {+—DIV I ver W
£ BYGRSIAIAD( ‘96RSIRIAL( ¢ A paKafes 00TE-INf  Jonqmyup Suipurgyuoisng — DDD«—DDL  d €€+ S
2 coury "OYS JOBIUOD (D UL UOHEIMA |, K paKafes €Y088Y-SINE  ToNqryuf Sutpurg/uoisng ALY M
.m £0UrT “pourt ‘ozid3 uruonempy (X paKafes €Y088y-SINE  Iouquyul Suipurgyuorsny  OLL«—DIV 19Ty W
m COMNOIANA ONMQM ur suonenwx 6 A PAII[RS AZ|>UV :CM>OC5AU Joyqryut %bﬁv S 81 N
m BYGASIAIAD( ‘96RSIRIAL( ¢ A pajodfes 00TE-NL  oNquyu] Surpuig/uoisny  VVO«—VVD  d0I¥ O
= "ATL9A pue
m U899S “MS6ED “ITLES ‘LOEEI suoneinur sure)
7 -UO0J SNIIA ‘ONIA ul paessed SNIIA JUBISISAT
& gomoxIog -9YOaN Isurese paysaY, ‘0g[ds uruopeIn (A y-s801D) DEY  Jouquyuj Sulpuig/uoisng  DVV«—DVD M $6¢ O
= "ATLOA “¥899S “TTLES ‘LOEEI
a €OMOYIOg M UOHEUIQWIOD Ul punog 0z[d3 uruonempy (X paKafes O¥OAN  Ionqryuj SuIpuig/uoIsny  OYV«—DVD I $6€ O
PIOJ-0ST “IL8EU/SETEN/ALEIN/ASLTO
BYGAISH ‘L691sH [A69TA/NYETIS/NET IS ‘uoiSar Sulpulq D ¢ A pajooes  (ejeydins uenxap) S IoNqQyul SUpuIg/uoOISny  VOV<«—VDV 1 .18€
BYGASIIAD( ‘96RSIRIAL( & A pajodfes 00T€-ALf  Ionquyu] Sutpuig/uoisng  VIO«—VOD  168¢d
BYGASIIAD( ‘96RSIRIAL( & A pajodfes €9LTINL  Jonquyuf Sutpurgyuotsng  VID«—VID  1$8¢d
"PIOJ-CT 1LLYE/UONRRALIE—HIE
86SI0USS  /AE6T/ASST/HSLT/A69T/ISYT/ISYINYEI/SIT & K paafes 01-ddS  Ionquyuf Sulpuig/uoisng  VOV<—VOV L 8LE A
:LL8E/UONAPALIE—HIE
86SI0UDS  /AE6T/ASST/HSLT/AGIT/ISYT/ISYINVEI/SO0T ¢ A IUBISISOY SSOI) SOTI Qe Ionquyuf SuIpuig/uolsny  VOV«—VDV L 8L ¥
NEN SJUUWILIO)) OAIA  OJIA y-sso1) 10 punodwo)) sseD a8uey) a8uey)
ug up [SRIRRIRIN 3niqg uopo) pIoy ourury

AUH T-AIH



HIV-1 Env

=
172}
m SOMNOIAYIA 0¢1d3 ur suopenwr A S SEIEN (N-AD) utiaoue£) JToyqryut Anud 9LE~¥9¢ uonafep
n
s ‘PIOF-CT ~LL8E/UONRRPALIE—F9E
W 86SI0USS  /AL6T/A8ST/HSLL/A69T/ISYT/ISYIINYEL/X901T ¢ A Pa3d9[es 01-AdS  Iouquyuf Surpurg/uoisng uonaeQ uonsPd 89¢—+9¢ MLSNA
g ‘LL8E/UONAPALIE—HIE
M 86SI0USS  /ACO6T/A8ST/HSLTL/AO9TU/ISYT/ISYINYET/AM90T & A JUEISISIY $SOID SOTI QBN I0NqIYU] SUIPUIE/UOISN] uonsRd uonspd 89¢—+9¢ MLSNA
.m PI03-01 -LL8E/UONSRPALIE—9¢
M 86SI0USS  /AL6T/A88T/HSLL/A69T/ISYT/ISYIINYEL/X901 ¢ A JUEISISIY $SOID 00TE-NL  IoNqryu] Surpurg/uolsng uonaeq uonspd 89¢—9¢ MLSNA
50 PIO} 01 *LL8E/UONRPALIE—FIE
m 86SI0USS  /ACO6T/A8ST/HSLTL/AO9TU/ISYT/ISYIINYET/A90T & A JUeISISIY $SOID €9LT N[ Ionquyuf Surpurg/uotsng uonsRd uonopd 89¢—9¢ MLSNA
| L6959 A pajoopes  (areydins uenxop) Sq  IoNquyuy Sutpuig/uoisng  HHL, LIV LOV IVV LLL UONdPRA 89¢—+9¢ MLSNA
PI0}-6
96UIT  STILT/ACEIN/LOSSV/ATSEN/ATEED/M88IN ¢ A Pa3d9[es [ uroAwers  J0jqryuy Surpurg/uotsng DJL+—DLL S L 1
"'ATL9d pue
A899S S6£D “TCLES "LOEET suonenu sure)
-U0d snIIA ‘oniA ur pagessed SNIIA Jue)SISAI
comoylog -9YOON IsureSe paIsaL, “[4dS ur uonem | A Y-sso1) D¢y Touqryuy Surpurg/uorsng IVL—LLL A TL9 d
“4899S MS6€0 “TTLES ‘L6EET
€0MONIOE  (DIM UODEUIqUIOd Ul punog “[d3 ur uoneiny A Pa3d9[es 9YOON  I0NqIyu] SUIpUIE/UOIST] IVL—1LL A 9 d
N=3
@ NEN SJUSWIWO)) OAIA OI)A -sso1) 10 punodwo) sse[) aSuey) aSuey)
uuf LIBEIEIN Snig uopoD proy ouruy
AUy [-ATH

SMaIASY




Abbreviations/Compounds

137

Reviews

Abbreviations used in tables

Amino acids Drug class
A alanine F/BI Fusion/Binding Inhibitor
C cysteine I Integrase Inhibitor
D aspartate MN Multiple Nucleoside
E glutamate NRTI Nucleoside Reverse Transcriptase Inhibitor
F phenyalanine NNRTI HIV-1 Specific Nonnucleoside RT Inhibitor
G glycine PI Protease Inhibitor
H histidine PARTI Pyrophosphate Analogue RTI
I isoleucine SIV RTI SIV Nucleoside RTI
K lysine
L leucine
M methionine
N asparagine
P proline
Q glutamine
R arginine
S serine
T threonine
\' valine
W tryptophan
Y tyrosine
Compounds
Other Names Chemical Name
Compound (Company) or Description
(-)-dOTC BCH-10652 (-)-2’-deoxy-3’-oxa-4’-thiocytidine
(-)-dOTFC (-)-2'-deoxy-3’-oxa-4’-thio-5-fluorocytidine
(-)-FTC Emtricitabine, (-)-(2R,55)-5-fluoro-1-[2-(hydroxymethyl)-1,3-oxathiolan-5-
Coviracil (Triangle yllcytosine
Pharmaceuticals)
(+)-dOTC (+)-2'-deoxy-3’-oxa-4'-thiocytidine
(+)-dOTFC (+)-2'-deoxy-3’-oxa-4’-thio-5-fluorocytidine
1737 Tetrahydronapthalene lignan derivative
1592089 Abacavir, Ziagen, ABC (15,4R)-4-[2-amino-6-cyclopropyl-amino)-9H-purin-9-yl1]-2-
(Glaxo Wellcome) cyclopentene-1-methanol succinate
3TC (-)-BCH-189, Lamivu- (-)-B-L-2',3'-dideoxy-3’-thiacytidine
dine, Epivir (Glaxo
Wellcome)
4’-Ed4T 2',3’-Didehydro-3’-deoxy-4’-ethynylthymidine

8-chloro-TIBO

A-77003

AAP-BHAP

ABT-378

ABT-538

RO91767, R86183,
tivirapine

C2 symmetry-based pro-
tease inhibitor (Abbott)
U-104489 (Pharmacia &
Upjohn)

Aluviran, Lopinavir
(Abbott)

Ritonovir, Norvir
(Abbott)

(+)-(8)-4,5,6,7-Tetrahydro-8-chloro-5-methyl-6-(3-methyl-2-
butenyl)imidazol[4,5,1-jk][1,4]benzodiazepine
2PyridCH2NCH3CO-Val-NHCH(Bz)|CHOHCHOH

1-[(5-Methanesulfonamidoindol-2-yl)carbonyl]-4-[N-ethyl-N-
[3-(1,1-dimethyl)amino]-2-pyridinyl]Jamino]piperidine
N-[(185,3S,45)-4-[[2,6-dimethylphenoxy)acetylJamino]-3-
hydroxy-5-phenyl-1-(phenylmethyl)pentyl]tetrahydro-a-(1-
methylethyl)-2-oxo-1(2H)-pyrimidineacetamide
10-Hydroxy-2-methyl-5-(1-methylethyl)-1-[2-(1-methylethyl)-
4-thiazolyl]-3,6-dioxo-8,11-bis(phenylmethyl)-2.4,7,12-
tetraazatridecan-13-oic acid, 5-thiazolylmethyl ester
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ADI01
ADAMII

AG1343
ALX40-4C
AMD3100

Amphotericin B
Methyl Ester

AZT

BHAP U-87201E
BHAP U-88204E
BHAP U-90152
BHAP U-90153
BHAP U-90154

BHAP U-90155
BILA 1906 BS

BILA 2011

BILA 2185 BS

BI-RG-587

BM+51.0836
BMS-186318

BMS-232632
BMS-488043
Calanolide A
Concanavalin A
Cyanovirin

Nelfinavir, Viracept
(Agouron)

zidovudine (Glaxo
Wellcome)

Atevirdine (Pharmacia
Upjohn)

Delavirdine, Rescriptor
(Pharmacia Upjohn)

(Bio-Mega/Boehringer
Ingelheim)

Palinavir (Bio-
Mega/Boehringer
Ingelheim)

(Bio-Mega/Boehringer
Ingelheim)

Nevaripine, Viramune
(Boehringer Ingleheim)

(Bristol-Myers Squibb)

Atazanavir

NSC675451

ConA

CV-N, NSC 682999 (Cel-
legy Pharmaceuticals)

Methyl 3’,3”-dichloro-4’,4” -dimethoxy-5",5" -
bis(methoxycarbonyl)-6,6-diphenyl-5-hexenoate
(35.,4a8,8a8)-N-tert-Butyl-2-[(2R,3R)-3-(3,2-cresotamido)-
2-hydroxy-4-(phenylthio)butyl]decahydro-3-isoquinoline-
carboxamide monomethanesulfonate

a polypeptide of nine d-Arg residues

octahydrochloride dihydrate of 1,19-[1,4-phenylene-bis-
(methylene)]-bis-1,4,8,11-tetra-azacyclotetradecane
[2-[[(4E,6E,8E,10E,12E,14E,16E)-38-carboxy-
19,25,27,30,31,33,35,37-octahydroxy-18,20,21-trimethyl-
23-0x0-22,39-dioxabicyclo[33.3.1]nonatriaconta-
4,6,8,10,12,14,16-heptaen-3-ylJoxy]-3,5-dihydroxy-6-methyl-
oxan-4-ylJazanium chloride

3’-azido-3’-deoxythymidine

1-[(5-Methyoxyindol-2-yl)carbonyl]-4-[3-(ethylamino)-2-
pyridyl]piperazine
1-(Indolyl-2-carbonyl)-4-[3-[(1-methylethyl)amino]pyridyl-
piperazine
1-(5-Methanesulphonamido)-1H-indol-2-yl-carbonyl)-4-[3-
(isopropylamino)-2-pyridinyl]piperazine
bisheteroarylpiperidinyl derivative

bisheteroarylpiperidinyl derivative

bisheteroarylpiperidinyl derivative
N-{18-[[[3-[2S-(1,1-dimethylethyl)amino]carbonyl-4R-
13-pyridinylmethyl)thio]- 1 -piperidinyl]-2R-hydroxy-1S-
(phenylmethyl)propyl]amino]carbonyl]-2-methylpropyl}-2-
quinolinecarboxamide
N-{1S-[[[3-[2S-(1,1-dimethylethyl)amino]carbonyl]-4R-
[4-pyridinylmethyl)oxy]-1-piperidinyl]-2R-hydroxy-1S-
(phenylmethyl)propyl]amino]carbonyl]-2-methylpropyl }-2-
quinolinecarboxamide
N-(1,1-dimethylethyl)-1-[2S-[[2-2,6-dimethyphenoxy)-
1-oxoethyl]Jamino]-2R-hydroxy-4-phenylbutyl]4R-
pyridinylthio)-2-piperidine-carboxamide
11-Cyclopropyl-4-methyl-5,11-dihydro-6H-dipyrido[3,2-
b:2’,3’-e]-[1,4]diazepin-6-one

thiazolo-isoindolinone derivative
[1S-[1R*,25%(25*,3R*)]]-[3-[[3-[[(1,1-Dimethylethoxy)-
carbonyl]amino]-2-hydroxy-4-[4-[2-(4-morpholinyl)-
2-oxoethoxy]phenyl]butyl]amino]-2-hydroxy-1-
(phenylmethyl)propyl]carbamic Acid, 1,1-dimethylethyl-ester
azapeptide protease inhibitor

a dipyranocoumarin
plant lectin from Canavalia ensiformis
Protein from cyanobacterium Nostoc ellipsosporum
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cyclo-d4G

d-d4FC D4FC, DPC 187

d4C

d4T Stavudine, Zerit (Bristol-
Myers Squibb)

ddC Zalcitabine, Hivid
(Roche)

ddI Didanosine, Videx
(Bristol-Myers Squibb)

Dihydroxythiophene

DKA

DMP-266 Efavirenz, Sustiva
(Dupont Merck)

DMP-323 XM-323 (Dupont Merck)

DMP-450 (Avid Therapeutics)

(+)dOTFC (+)-dOTFC

DS

DXG (-)-3-dioxolane-G

E-BPTU NSC 648400

EBU-dM

E-EBU

E-EPSeU

E-EPU

F-ddA Lodenosine

FZ41

GW420867X

HBY 097

HEPT

1C9564 Betulinic acid derivative

I-EBU MKC-442, emivirine,
coactinon (Triangle
Pharmaceuticals)

JE-2147

IM-2763 (Johnson Matthey)

JM-3100 SID791 (Johnson
Matthey)

KNI-272 Kynostatin 272

L-697,593

L-697,661

L-Chicoric acid

(3-D-6-cyclopropylamino-2’,3’-Didehydro-2'3’-
Dideoxyguanosine

2'3’-Didehydro-2’ 3’ dideoxy -5-fluorocytidine
Didehydro-2" 3’ dideoxy cytidine
2/,3’-didehydro-3’-deoxythymidine

2',3’-dideoxycytidine

2',3’-dideoxyinosine

beta-diketo acids
(-)-6-Chloro-4-cyclopropylethynyl-4-trifluoromethyl-1,4,-
dihydro-2H-3,1-benzoxazin-one
[4R-(4-a,5-c0,6-3,7-3)]-hexahydro-5,6-dihydroxy-1,3-bis[ (4-
hydroxymethyl)phenyl]methyl]-4,7-bis(phenylmethyl)-2H-
1,3-diazepin-2-one
[4R-(4-a,5-c,6-3,7-3)]-hexahydro-5,6-bis(hydroxy)-1,3-
bis(3-amino)phenyl]methyl)-4,7-bis(phenylmethyl)-2H-1,3-
diazepin-2-onebismesylate
(+)-2'-Deoxy-3’-oxa-4’-thio-5'-fluorocytidine

dextran sulfate

(-)-(2R,4R)-9-[2-(Hydroxymethyl)- 1,3-dioxolan-4-yl]guanine
1-benzyloxymethyl-5-ethyl-6-(2-pyridylthio)uracil
5-ethyl-1-ethoxymethyl-6-(3,5-dimethylbenzyl)uracil
5-ethyl-1-ethoxymethyl-6-benzyluracil
1-(ethoxymethyl)-(6-phenylselenyl)-5-ethyluracil
1-(ethoxymethyl)-(6-phenyl-thio)-5-ethyluracil

2/ -fluoro-2’,3’-dideoxyadenosine

styrylquinoline
S-3-ethyl-6-fluoro-4-isopropoxycarbonyl-3,4-dihydro-
quinoxalin-2(1H)-one
(S)-4-isopropoxycarbonyl-6-methoxy-3-(methylthio-methyl)-
3,4-dihydroquinoxalin-2(1H)-thione
1-[(2-hydroxyethoxy)methyl]6-(phenylthio)thymine
4S5-[8-(28 betuliniyl) aminooctanoylamino]-3R-hydroxy-6-
methylheptanoic acid
6-benzyl-1-ethoxymethyl-5-isopropyluracil/

an allophenylnorstatine-containing dipeptide protease
inhibitor
1,10-(1,3-propanediyl)-bis-1,4,8,11-tetraazacyclo-tetradecane
1,10-[1,4-phenylenebis-(methylene)]bis-(1,4,8,11-
tetraazacyclotetradecane)octahydrochloride dihydrate
(25,3S5)-3-amino-2-hydroxy-4-phenylbutyric acid-containing
tripeptide
5-ethyl-6-methyl-3-(2-phthalimido-ethyl)pyridin-2(1H)-one
3-[(-4,7-dichloro-1,3-benzoxazol-2-yl)methylJamino-5-ethyl-
6-methylpyridin-2(1H)-one
[S-(R*,R*)]-2,3-Bis[[3-(3,4-dihydroxyphenyl)-1-oxo0-2-
propenyl]oxy]butanedioic acid
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L-FddC
LY-300046 HCl Trovirdine
(Lilly/Medivir/Abbott)

MS87

MK-639 Indinavir, Crixivan,
L735,524 (Merck)

MP-134

MP-167

MSK-076 (Medivir AB)

NeoR6 hexa-arginine neomycin B
conjugate

no name

P-1946

P9941 (Dupont Merck)

PA-457 Bevirimat (Panacos)

PFA Foscarnet (Astra)

ph-AZT 5’-phosphit 3’ azido-2'3’-
dideoxythymidine

PMEA adefovir (Gilead
Sciences)

PMPA tenofovir (Gilead
Sciences)

PNU-140690 Tipranavir, U-140690
(Pharmacia & Upjohn)

QM96521

QYL-609

QYL-685

R3G

Retrocyclin-101 18-aa peptide
GICRCICGKGICRCICGR

Ro 31-8959 Saquinavir, Invirase, For-
tovase (Roche)

RPI-312

RPR103611

R0O033-4649 (Roche)

S-1153

S-2720

(-)-B-L-5-fluoro-2’,3’-dideoxy-cytidine
N-[2-(2-pyridylethyl)-N’-[2-(5-bromopyridyl)thiourea,hydro-
chloride

membrane anchored gp41 derived peptide
[1(1S,2R),5(S)]-2,3,5-Trideoxy-N-(2,3-dihydro-2-hydroxy-1H-
inden-1-yl)-5-[2-[[(1,1-dimethylethyl)amino]carbonyl]-4-(3-
pyridinylmethyl)- 1-piperazinyl]-2-(phenylmethyl)-D-erythro-
pentonamide sulfate

C2 symmetry-based protease inhibitor

phenylmethylthiazolythiourea (PETT) derivative

O-(2-Phenoxy ethyl)benzoyl

(phenyl) thiocarbamate 17c

methyl N-[(1S)-1-[[(5S)-5-[(4-aminophenyl)sulfonyl-(2-
methylpropyl)amino]-6-hydroxy-hexyl]carbamoyl]-2-(1H-indol-
3-yl)ethylJcarbamate

[2-pyridylacetyl-IlePheAla-y(CHOH)].

3-0-(3', 3’ —dimethylsuccinyl)betulinic acid

phosphonoformate

9-(2 phosphonylmethoxyethyl)adenine
(R)-9-(2-phosphonyl-methoxypropyl)adenine

(6R)-3-(1R)-1-[3-([Trifluoromethyl)(2-pyridyl)]sulfonylamino)-
phenyl]propyl-4-hydroxy-6-(2-phenylethyl)-6-propyl-5,6-
dihydro-2H-pyran-2-one
1,1,3-trioxo-2H,4H-thieno[2,4-3][1,2,4]thiadiazine derivative
(TTD)

methylenecyclopropane nucleoside analog with a phenylphos-
phoralaninate moiety
tri arginine gentamicin C conjugate

N(1)-[3-[3-[[(1,1-dimethylethyl)amino]carbonyl]octahydro-
2(1H)-isoquinolinyl]-2-hydroxy-1-(phenylmethyl)propyl]-2-[(2-
quinolinylcarbonyl)amino]-,[3S-[2[ 1R*(R*),25%],3«,4a3,8a3]]-,
monomethanesulfonate
1-[(35)-3-(n-alpha-benzyloxycarbonyl)-l-asparginyl)-amino-2-
hydroxy-4-phenyl-butyryl]-n-tert-butyl-l-proline amide (peptidyl
protease inhibitor)

a triterpene betulinic acid derivative

5-(3,5-dichlorophenyl)thio-4-isopropyl- 1-(4-pyridyl)methyl-
1Himidazol-2-yl methyl carbamate
6-chloro-3,3-dimethyl-4-(isopropenyl-oxycarbonyl)-3,4-
dihydroquinoxalin-2(1H)thione
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SC-52151

SC-55389A
SDF-1
SDF-1a
Siamycin |
SKF108842
T134

T140
T20

TIBO R82150

TIBO R82913

TMC114

TMC125
TSAO
UC-10

UC-16
UC-32

UC-38

UC-42
UC-57

UC-68
UC-69
UC-70
UC-80
UC-81
UC-82
UC-84
UC-581

UC-781

Telinavir

(Searle)

DP-178, Pentafuside
(Trimeris)
(Janssen)

(Janssen)

UIC-94017, Darunavir,
Prezista (Tibotec)

NSC 645129 (Uniroyal

Chemical Co)

(Uniroyal Chemical Co)
NSC 645542 (Uniroyal

Chemical Co)

NSC 629243 (Uniroyal

Chemical Co)

(Uniroyal Chemical Co)
NSC 647014 (Uniroyal

Chemical Co)

NSC 638532 (Uniroyal

Chemical Co)

NSC 646989 (Uniroyal

Chemical Co)

NSC 638534 (Uniroyal

Chemical Co)

NSC 639475 (Uniroyal

Chemical Co)

NSC 615727 (Uniroyal

Chemical Co)

(Uniroyal Chemical Co)

NSC 615985 (Uniroyal
Chemical Co)
NSC 645727 (Uniroyal
Chemical Co)
(Uniroyal Chemical Co)

N-tert-butyl-N’-isobutyl-N’-[2(R)-hydroxy-4-phenyl-3(S)-
[4-amino-1,4-dioxo-2(S)-(2-quinolinylcarboxamido)butyl-
amino]butyl]urea

hydroxyethyl-urea isostere protease inhibitor

Stromal cell-derived factor 1

Stromal cell-derived factor 1o

21-residue tricyclic peptide

protease inhibitor

[Tyr5,12, Lys7]-polyphemusin II-derivative with amino acid
sequence R-R-W-C-Y-R-K-DK-P-Y-R-Ci-C-R-COOH
[Tyr5,12, Lys7]-polyphemusin II-derivative
Ac-YTSLIHSLIEESQNQQEKNEQELLELDKWASLWNWF-
NH2
(+)-(55)-4,5,6,7-tetrahydro-5-methyl-6-(3-methyl-2-butenyl)-
imidazo[4,5,1-jk][1,4]-benzodiazepin-2(1H)-thione
(+)-(59)-4,5,6,7,-tetrahydro-9-chloro-5-methyl-6-(3-methyl-2-
butenyl)-imidazo-[4,5,1-jk]-[1,4]benzo-diazepin-2(1H)-thione
[(1S,5R,8S)-4,6-dioxabicyclo[3.3.0]oct-8-yl] N-[(2S,3R)-4-
[(4-aminophenyl)sulfonyl-(2-methylpropyl)amino]-3-hydroxy-
1-phenyl-butan-2-yl]carbamate

[2/,5'-bis-O-(tert-butyldimethylsilyl)-3’-spiro-5"-(4" -
amino-1”,2"-oxathiole-2",2" -dioxide)]-/3-D-pentofuranosyl
derivative

thiocarboxanilide derivative

thiocarboxanilide derivative
thiocarboxanilide derivative

4-chloro-3-(isopropoxycarbonyl)phenylcarbamothioic acid,
O-isopropyl ester

thiocarboxanilide derivative

thiocarboxanilide derivative

thiocarboxanilide derivative

thiocarboxanilide derivative

thiocarboxanilide derivative

thiocarboxanilide derivative

thiocarboxanilide derivative
N-[4-chloro-3-(3-methyl-2-butenyloxy)phenyl]-2-methyl-3-

thiophenecarbothioamide
thiocarboxanilide derivative

N-[4-chloro-3-(3-methyl-2-butenyloxy)phenyl]-2-methyl-3-
furancarbothioamide
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UCO40 NSC650065

UIC-94003

VB 11,328 (Vertex) Carbamic acid, [3-[[(4-methoxyphenyl)sulfonyl](cyclo-
pentylmethyl)amino]-2-hydroxy- 1 -(phenylmethyl)propyl]-,
tetrahydro-3-furanyl ester

vMIP-II viral macrophage inflammatory protein II

VRX-329747

VX-478 141W94, Amprenavir, Carbamic acid, ((15,2R)-3-(((4-aminophenyl)sulfonyl)(2-

Agenerase methylpropyl)amino)-2-hydroxy- 1 -(phenylmethyl)propyl)-,

(395)-tetrahydro-3-furanyl ester
a-APA R18893, loviride analog (+)-2,6-Dichloro-a-[(2-acetyl-5-methylphenyl)amino]benzamide
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